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| The new force in Б. 


ZetaPrep® Technology. Engineered for mass ion exchange. Powered 
with a unique solid matrix. Thrusting you in to a new age of upstream 
purification. Boosting mass flow and volume flow with results that 
outdate every other known separation method. 

Giving you quantum savings in time and money. 





Unique solid matrix! 


Designed for highly efficient, ultra- “7 
fast extraction of proteins, peptides 
and enzymes, the ZetaPrep solid 
matrix comes in a cartridge that's 
completely self-contained. With 

its unique, multi-directional radial 
flow, this patented rigid format of- 
fers optimal surface area for rapid 
bulk binding, plus the strength to 
withstand high flow rates. 





All ZetaPrep housings and cartridges are 
completely sterilizable and compatible — 


with standard equipment. Shown -— 
here is the ZetaPrep 100 for la- ——ÀX i 
bofatory separations. = 
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Economics you just 
21» 
can't ignore! 





Capable of one-step puri- 
fication and concentration with up to 8096 purity or more, ZetaPrep 
will slash your production costs to a fraction of what they are today. 
Because ZetaPrep is so easy to operate, simple to automate and effi- 
cient in use, you'll cut expensive man hours to a minimum. 


ZetaPrep's incredible flow lets you radically reduce total processing 
time. Gets you fast binding, wash and elution flow rates. And at 
least 10 times higher throughput. With no more packing problems. 
No more fines removal. Just all the benefits of a totally enclosed sys- 
tem—and yields that are truly astounding. 


Amazing scale-up potential 


LKB's comprehensive range of ZetaPrep cartridges and Multi-Cart- 
ridge Systems lets you select different sizes, extend in series or even 
couple in parallel for virtually unlimited flow rate and process capacity. 
With DEAE, QAE and SP functional groups, you can now exploit this 
amazing scale-up potential from lab, through pilot to fullscale industrial 
. production. In biotechnology, pharmaceuticals or any other process that 
- needs cost-effective purification of proteins and biopolymer products. 
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госеѕѕ engineering! 


Scale up to 720 liters per hour 
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Seeing is believing! 
Find out how much you can win. That'll 
convince you just why ZetaPrep Techno- 
logy has been so successful in such a 
short time. Why many of the world's 
leading biotech and drug companies 
have gone from initial trials to routine t 
industrial processing in just a few | 7) te. 
months. Why you should try ZetaPrep GA Nm] 
yourself. Post this coupon today, and 
we'll send you technical information, Available also in plastic } 
full details оп test kits available and all іле. this ZetaPrep 3000 М 
prices. Your nearest LKB office delivers ¢7*7dse System, is use 


full-scale industrial biopr 


fast. sing. 
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Although very few people have actually seen a Giant 
Panda, it is probably the world's most familiar and lovable 
animal. 

Unfortunately, it has a very low reproduction rate. 
And there is an acute shortage of its bamboo food supply. 
So the Giant Panda is threatened with extinction. 

To solve these and other problems, the World Wild- 
life Fund and the Peoples Republic of China are cooperating 
in a major Panda Conservation Programme. Philips is 
helping, too. 

At Wolong Natural Reservation in Sichuan 
Province, a Philips atomic absorption spectrophotometer is 
used to research alternative areas for growing bamboo, and 
to analyse the nutritional value of its edible shoots. 

Panda blood and faeces, too, are analysed to monitor 
the vitamins and minerals necessary for their survival. 
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A Kirlian photograph showing coronal streamers | 


around a finger tip and key induced by a high voltage, 
high frequency electrical field. The particularly bright 


streamers bridge the 0.25 cm distance between the | 


finger tip and the key. Although the corona has a 
simple physical explanation it has been erroncously 
interpreted as the ‘aura’ or ‘psychic energy’ reported 
by clairvoyants. See page 119. Photo: Jerry Andrus. 
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At last! 
An easy to use gene machine 
at an affordable price. 





Now any laboratory 
working with oligo- 
nucleotides can per- 
form automated DNA 
synthesis simply, 
reliably and afford- 
ably — whatever the 
volume demand — with 
the new Pharmacia 
Gene Assembler ™. This 
high-quality system combines state-of-the- 
art technology and chemistry with simplic- 
ity of design and operation. 


In 
The Gene Assembler is a complete system. 
The compact, bench-top unit contains every- 
thing you need to synthesize active DNA: 
hardware, software, Pharmacia's own re- 
agents, and a comprehensive handbook. It 
even includes automatic colorimetric moni- 
toring and a built-in printer/plotter that gives 
you a permanent record of each synthesis in 
both peaks and print. 

Simple 
The Gene Assembler was designed for maxi- 
mum ease of operation. You just insert a 
ready- to-use cassette of unique, new 
Mono Beads" into one of the two column 
reactors, type in the desired sequence, and 
let the machine do the rest. It's not only self- 
contained, it's very nearly self-sufficient! 


Flexible 


You don't need any peripheral hardware (an 
expensive “option” with some competitors). 
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Your Link With The Future 


The Gene Assembler is preprogrammed for 
everything from standard syntheses to 
sophisticated mixed bases. And it's versatile 
enough to allow user-determined reprogram- 
ming — e.g. for modified nucleotides. It can 
also easily interface with a variety of other 
microcomputers for even greater capacity. 


Reliable 
As with all Pharmacia equipment, the 
Gene Assembler consists of high-quality 
components, each designed to give you 
years of dependable service. Of course, it's 
also backed by Pharmacia's established, 
worldwide service network and warranty. 


Affordable 
Pharmacia's expertise in biotechnology en- 
abled us to optimize components to form a 
dedicated system. Therefore, designing and 
manufacturing the Gene Assembler cost sub- 
stantially less than competitive machines. 
That saving is passed along to you. All in all, 
this high-quality, high-performance system 
is the most cost-effective and efficient DNA 
synthesizer you can buy. 


Available 

To find out more, ask your Pharmacia repre- 
sentative to send you the comprehensive, 
illustrated brochure. Do it today. 

Pharmacia Headquarters: Pharmacia AB, 
S-75182 Uppsala, Sweden. Tel: (018) 1630 00. 

In North America: Pharmacia Inc., 
800 Centennial Avenue, Piscataway, 
NJ 08854, USA. Tel: (201) 457-8121. 
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ANTARCTIC CLUES TO 
ATMOSPHERIC HISTORY 





A thin section of Antarctic ice from a depth of about 
70 m, showing gas bubbles formed during the compac- 
tion of surface snow into ice. The gas content of these 
bubbles gives a measure of the make-up of past atmos- 
pheres, so levels of the gases implicated in the 'green- 
house effect’ can be determined back to the year 1600. 
{ See page 248. (Photo, in polarized light, by D. Whillas 
1 of CSIRO's Division of Atmospheric Research.) 
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This is no ordinary event Biotech "86 features new 
personalities with fresh ideas. The programme 
balances formal presentations, panel discussions, 
technical workshops and specialist seminars. There 
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The Object 50 nebula in Orion. In this CCD image, 
taken on 9 January 1985, a pulse of light illuminates 
the jet. The pulse was emitted in late 1984 and by 
September 1985 had propagated 1 arc minute to the 
south. This burst of light may be the first optical 
radiation to have emerged from this newborn star 
See page 336. 
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Now any laboratory 
working with oligo- 
nucleotides can per- 
form automated DNA 
synthesis simply, 
reliably and afford- 
ably — whatever the 
volume demand — with 
the new Pharmacia 
Gene Assembler ". This 
high-quality system combines state-of-the- 
art technology and chemistry with simplic- 
ity of design and operation. 

Integral 
The Gene Assembler is a complete system. 
The compact, bench-top unit contains every- 
thing you need to synthesize active DNA: 
hardware, software, Pharmacia's own re- 
agents, and a comprehensive handbook. It 
even includes automatic colorimetric moni- 
toring and a built-in printer/plotter that gives 
you a permanent record of each synthesis in 
both peaks and print. 

Simple 
The Gene Assembler was designed for maxi- 
mum ease of operation. You just insert a 
ready- to-use cassette of unique, new 
Mono Beads" into one of the two column 
reactors, type in the desired sequence, and 
let the machine do the rest. It's not only self- 
contained, it's very nearly self-sufficient! 


Flexible 


You don't need any peripheral hardware (an 
expensive "option" with some competitors). 
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Molecular Biology Division 


Your Link With The Future 


At last! 
An easy to use gene machine 


atan affordable price. 


The Gene Assembler is preprogrammed for 
everything from standard syntheses to 
sophisticated mixed bases. And it's versatile 
enough to allow user-determined reprogram- 
ming — e.g. for modified nucleotides. It can 
also easily interface with a variety of other 
microcomputers for even greater capacity. 


Reliable 
As with all Pharmacia equipment, the 
Gene Assembler consists of high-quality 
components, each designed to give you 
years of dependable service. Of course, it's 
also backed by Pharmacia's established, 
worldwide service network and warranty. 


Affordable 
Pharmacia's expertise in biotechnology en- 
abled us to optimize components to form a 
dedicated system. Therefore, designing and 
manufacturing the Gene Assembler cost sub- 
stantially less than competitive machines. 
That saving is passed along to you. All in all, 
this high-quality, high-performance system 
is the most cost-effective and efficient DNA 
synthesizer you can buy. 


Available 

To find out more, ask your Pharmacia repre- 
sentative to send you the comprehensive, 
illustrated brochure. Do it today. 

Pharmacia Headquarters: Pharmacia AB, 
S-15182 Uppsala, Sweden. Tel: (018) 1630 00. 

In North America: Pharmacia Inc., 
800 Centennial Avenue, Piscataway, 


NJ 08854, USA. Tel: (201) 457-8121. 
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COUNT YOUR BLESSINGS! 


LABORATORY's annual outing to the North West ensures that there is 
Sie regional exposure of the industry's latest apparatus, equipment, 
instrumentation and services. 

2. The best companies in the business have fully supported the LABORA- 
TORY MANCHESTER concept in the only way that really counts — by deciding 
to be there. Go along and see for yourself! 

3. LABORATORY MANCHESTER is therefore the largest regional event for 
a variety of scientific disciplines in the United Kingdom, and its success 
may be measured by seven years' uninterrupted growth. 

4. This year, there is 25 percent more exhibition space than there was at 
the 1985 event- and over 100 exhibitors, representing our first (unbeaten!) 
century at the New Century Hall. 

5. Our popular venue is conveniently situated alongside Victoria Station, 
with ample car parking available nearby for those who prefer to travel to 
LABORATORY '86 in Manchester by car. 

6. Visitors who take a break during their tour of the exhibition – or require 


refreshment when they have completed it- can take full advantage of cater- 
ing facilities that don't cost the earth! 

7. The prestige of LABORATORY MANCHESTER is enhanced by the 
sponsorship of the people who matter: The Royal Society of Chemistry; 
Chromatographic Society; Scientific Instrument Manufacturers' Association; 
British Laboratory Ware Association. 

8. The exhibition attracts the top quality visitors - Heads of Department, 
key buyers, specifiers (over 3,000 of them last year!). If that sounds like 
you you'll be in good company. 

9. Unlimited free tickets for LABORATORY MANCHESTER are available, 
simply by completing and returning the coupon below - so order for your 
colleagues too. And valuable free catalogues will await your arrival. 
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Subtropical desert scrub in the Sonoran Desert in 
California, at an altitude of 900 metres. The scrub is 
dominated by chainfruit cholla, paloverde and 
saguaro cactus. A fossil packrat midden from a rock 
shelter in the hill in the background documents a 
pinyon pine-juniper-sagebrush woodland during the 
last glacial maximum, with the present warm-desert 
flora becoming established here only during the last 
8,000 years. See page 441. 
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Throughout the world, Celltech's immunoprocessing 
activities are followed with interest. 


Immunopurification is the breakthrough that allows high 
recovery rates of highly-purified interferon for the first 
time. 


Celltech developed the only complete range of immuno- 
purification reagents (the Reselute" range) and process 
assays forinterferons alpha, beta and gamma. Interferons 
produced using these reagents are now in clinical 
trials/product registration worldwide. 


Now we are the first company to launch immuno- 
purification reagents and process assays for interleukin-2. 


Just what you'd expect from the world's largest producer 
of monoclonal antibodies. 


So make sure your organisation is included on our 
mailing list 
Just complete and send the coupon below. 
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Electrophoresis then and now 
Then, in the early 70's, this was the latest 
thing in electrophoresis. 
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new concept in high-resolution 
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Ir was always on the cards that the British government, by its 
" failure to legislate more quickly on the recommendations of the 
a Warnock committee, would allow a muddle to develop. It seems 
to have a useful ally in that cause in the British Parliament. The 
most. urgent need is that the position of those wishing to make 
observations of living embryos should be clarified; the Warnock 
committee advocated experiments under licence with embryos 
up to 14 days, whereafter any experiment would become the 
cause of a criminal prosecution. It would be good to think that 
the government has recognized the unwisdom of that proposal, 
and that it plans to legislate for licensing. coupled with super- 
vision by independent committees, allowing researchers more 
flexibility, but there is no way of telling. Meanwhile, research 
limps along uncertainly, under the non-statutory supervision of 
га committee established by the Medical Research Council and 
the Royal College of Obstetricians and Gynaecologists — and 
the Houses of Parliament chip away piecemeal at what should be 
the government's responsibility. The dangers of this approach 
are well illustrated by the fate of last year’s instant legislation, 
begun in the House of Commons, when the sale of surrogacy 
services became an offence. One consequence appears to have 
been that British couples who are infertile are seeking the ser- 
vice overseas, which the House of Lords will this week attempt 
uto һай by law, making it illegal for agencies in Britain to offer to 
"provide such services even with the help of surrogate mothers 
elsewhere. Presumably the resült will be that the agencies con- 
cerned will operate offshore. 

This is the inevitable result of attempts to prevent well- 
intentioned people from using what seems to them a natural way 
of meeting a natural need. Procreative instincts have an adaptive 
significance for all species апа, while they may become a 
nuisance in long-lived human societies, cannot be repressed by 
jegislation. Moreover, it is natural that couples should prefer 
genetically related to unrelated children: Dawkins's concept of 
the selfish gene, not to mention a great deal of sociobiology, 
tefers. The Warnock committee, after eighteen months of care- 
ful study, was itself divided on the issue; the majority would 
have made surrogacy a criminal offence when money changes 
hands, partly by analogy with the law covering the adoption of 
' children ín Britain. But a minority wisely argued that circum- 
stances might arise in which paid surrogacy is justified. (It seems 
to be common ground that the willingness of some women to 
bear children for close relatives, another illustration of the 
selfishness of genes. should not be prevented by law if no money 
changes hands.) What, for example, if a woman is infertile as a 
result of a hysterectomy? This is one of the questions raised last 
weekend by Dr Robert Edwards and Mr Patrick Steptoe. the 
pioneers of in vitro fertilization in Britain. It is hard to deny their 
case for surrogacy. ideally based on a fertilized egg from the 
infertile woman, but the British Parliament would even stop 
that. 
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ues. Some people believe simply that unfamiliar practices are 
: topped. This is, after all, the Parliament 
i with red flags should walk in front of the 


Tough talk on surrogate birth 


Is it wholly wrong that married couples unable to conceive children naturally should pay oth 
perform that service? Mistakenly, Britain is behaving as if there were no doubts. 
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early motorcars. The other cause for anxiety, legitimate 
happens, is that surrogacy might become a vehicle for 
exploitation of those concerned, either surrogate mothers or 
putative genetic parents. So what the House of Lords shi 
have been doing this week, and what the House of Comm 
will in due course have to decide, is how to prot 
vulnerable parties to these transactions without de 
remedies to those determined to have children. 
The best solution, for which there is already a good wor 
model, is that arrangements for surrogacy should be 
by commercial agencies but by corporations with the je 
of charities (which, in Britain, is what adoption soci 
But since it is wrong to hazard the lives of women by ch 
on behalf of others, it is quite wrong to insist that the sürro 
mothers should not be paid. On the contrary, they should | 
insured financially against risk, while compensation for th 
considerable time and trouble is the opposite of ou 
Further, all those concerned in a surrogacy arrangement : 
have the benefit of independent counselling. of a ki 
to be fully convincing if provided by an agency with a pr 
make. That constructive course, not futile repression, is thee 
course to follow. 


————— S 


Future for the birds 


The future of the US shuttle is still in doubt, b 
the causes of what went wrong are clear. 


Tue reappointment of Dr James C. Fletcher as admini 
the US National Aeronautics and Space Administration ( 
is one step towards the agency's rehabilitation (see p. 1005; f 
there is a long way to go. Although the technical cause 
failure of Challenger two months ago has not been final 
pointed by the US President's commission. of inquiry, it stay 
out a mile that the fault within the agency was simply the fail 
of bad news about the risk of rocket failure to travel upward: 
those most in need of it, the people responsible for decid 
quickly to push ahead with the shuttle programme. N 
before the commission’s inquiry is over, it will become clear th 
the chief inhibition was the familiar phenomenon that th 
bearers of bad news usually win less than meagre credit. 7 
shuttle pilots were probably right to have complained, cat 
this week, that the shuttle should have been grounded at lea 
since last summer. 

Dr Fletcher's immediate problem is technical, how to ge 
shuttle safely off the ground again. He will have to 5 
openly that he will not be able to do that on a shoestring, 
may make him the bearer of bad news in the year when 
Gramm ~ Rudman act comes into effect. He will alse: need t 
develop, or otherwise procure, an unmanned satellite launc 
that can be used for the routine business of putting rout 
satellites into routine orbits, when it is pointless to risk p 
lives. Meanwhile, the ambitious scheme for building a p 
manent space station should be postponed at least until ihe 
shuttle is made safe. But further ahead, he myst find 
encouraging constructive fault-finding within the agency. 
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uc Montagnier discovered thevirus that 
ses acquired immune deficiency syn- 
me (AIDS), that "there is no case to 
ver" over the laboratory's complaint 
at the US National Institutes of Health 


now profits from it by the sale of 
IDS blood tests. 

he French laboratory has, however, 
scovered what could be damning new 
nce against NIH, and is now con- 
ng placing it before the Washington 
pe investigating whether NIH used the 


ad the Pasteur. 

ободу disputes that Montagnier sent a 
ple of serum containing the AIDS 
is, which he called LAV, to NIH 
logist Robert Gallo in September 
83, but NIH claim that Gallo was unable 
propagate LAV, and that he subse- 
uently and independently isolated the 
he called HTLV-II. This and a 
lood test based upon it were rapidly 


sts are now marketed by five US com- 
ies, while the Pasteur's test (Elavia) 
d on Montagnier's virus is still await- 
atent approval. This is despite the 
that the Pasteur applied for a patent 
LAV and its associated test well before 
1 applied for a similar patent for 
LV-IIL. 
asteur sources claimed last week that 
institute has new evidence, in the form 
letter describing research results, that 
o's laboratory was making electron 
rographs of the LAV virus in Decem- 
983, three months after it was first 
ivedi in a sample from the Pasteur. If 
irmed, it would seem to contra- 
NIH position that Gallo was un- 
ropagate LAV, and would streng- 
at least the circumstantial evidence 
HTLV-II is indeed derived from the 
inch isolate. (HTL V-III and LAV have 
ost identical genetic sequences, but 
have argued that this is merely be- 
se both viruses came from the same 
opulation of patients in New York.) 
ccording to the Pasteur, the letter in 
tion describes December 1983 micro- 
phs as pictures of LAV which indicate 
tit might be a form of lentivirus. 
The electron mierographs in question 
taken at the National Cancer Insti- 
üte's Frederick Gancer Research Center. 
allo and his colleagues scoff at the 


) pirated Montagnier's discovery — | 


rench-discovered virus for commercial | 
; in breach of contract between NIH | 





dea this consitutes evidence of skuldug- | 


asteur plans to pursue 
patent suit on virus 


НЕ US Justice Department has told the | gery. Gallo says the letter, along with all 
itut Pasteur in Paris, where virologist | 


other “evidence”, was supplied by his own 


laboratory to Montagnier. He achieved | 
transient growth (evidenced by the elec- | 


tron microscope observations and reverse 
transcriptase activity) of the LAV sample 
supplied by Montagnier in a HUD-78 cell 
line, but for one week only and in small 
quantity: subsequent tests showed no evi- 
dence of viral replication. Attempts to 
grow LAV in the high-yielding H9 cell line 
were totally unsuccessful. 


As for the significance of the timing, Dr | 
Peter Fischinger of the National Cancer | 
Institute points out that virus can be | 


frozen and re-examined later, so the inter- 
val between the sample arriving and the 
date of the electron micrograph means no- 
thing. Fischinger remarked that it would 
be surprising if Gallo had not made micro- 
graphs of his attempts to culture the virus. 
And on the charge that Gallo's isolate was 
in some way derived from LAV, Fischin- 








ger referred to recent results obtained us- | 
ing cytolitic antibodies that kill cells in- | 


fected with HTLV-HI but not those in- 


fected with LAV or other isolates and so | 
establish conclusively a real biological dif- | 


ference between the isolates. 

In a further and ironic twist to the tale. 
the US Food and Drug Administration 
(FDA) last month approved the Pasteur's 
Elavia test as safe to use, but because of 
the lack of a patent, Pasteur sources are 
now concerned at the possibility of legal 
action against them if Genetic Systems 
Inc., the company due to market Elavia in 
the United States, actually sells any tests. 
According to the Pasteur, while Elavia 
lacks an independent patent, the five com- 
panies selling tests based on HTLV-II — 
and paying royalties under licence to NIH 
—- could complain that Elavia was а 
“counterfeit” of the NIH test designed to 
avoid royalty payments, even though the 
French say the real case is the reverse. 

Meanwhile, Elavia is said to be per- 
forming very well in tests at the British 
Public Health Laboratory in London, with 
results close to those of the Dutch (Orga- 
non) and British (Wellcome) tests 


approved for use “with flying colours" a | 
few months ago. This may leave Elavia | 


with some room on the British market. but 
in the United States the primary market in 





blood banks and hospitals is now thought | 
to be effectively tied up by the five com- | 


panies whose tests are now approved | 


there. The French test shows fewer "false 
positives" (false indications that a patient 
has AIDS antibody) than most of the US 
tests, thus avoiding expensive follow-up | 





tests, but this may not now be enough to 
win a market share. 

British scientists also have a small in- 
terest in Elavia, but their work also 
threatens to displace whatevegtoehold the 
French test may have in the United States. 
Elavia's technical advantage can be traced 
to the virus cultivated in a line of white 
blood cells, the CCRF-CEM line (or CEM 
for short) of T cells, that does not express 
certain antigens (HLA class two antigens) 
that can interfere with the results of blood 
tests. 

The use of the CEM line was developed 
in London's Institute of Cancer Research. 
The director, Robin Weiss, says that "we 
have no claim on the CEM line", but his 
laboratory does have an agreement with 
the Pasteur that half of any royalties 
accruing to the Pasteur from use of the 
CEM line to prepare AIDS tests would 
return to Britain. 

The Pasteur has made further develop- 
ments "but we would still expect a propor- 
tion of the royalties" Weiss said last week. 
though “our goal has not been to make 
money but to develop a reliable test for 
public health". Weiss's laboratory has 
however developed its own more rapid 
test, using a British viral isolate and a com- 
pletely different (and shorter) analysis 
technique, "competition assay", distinct 
from the enzyme-linked immunosorbent 
assay (ELISA) used by all other tests. This 
test is the one now approved and mar- 
keted by Wellcome in Britain. And 
according to Weiss, “we have not had one 
false positive in a million tests”. Moreov- 
er, since the competition assay is com- 
plementary to other techniques, Weiss 
considers it a good follow-up test to check 
the results of others. 

The conclusion is that whatever the re- 
sult of the Pasteur’s legal action in the 
United States, any mopping-up of the US 
market may go not to Genetic Systems 
and Elavia but to what are now more adv- 


“anced tests such as Wellcome's, or to 


second-generation tests, now under de- 
velopment, based on the production of 
pure AIDS virus antigens by recombinant 
DNA techniques. It now seems clear that 
if the Pasteur wants to profit at all from 
tests for AIDS in the United States, it will 
have to prove that HTLV-II is derived 
from that sample of LAV that Montagnier 
sent Gallo back in 1983. and aim for a 
fraction of royalties on tests now on the 
market and derived from HTLV-II. 
Robert Walgate & Tim Beardsley 





Halley’s comet data 


By agreement with the European, 
Japanese and Soviet groups, Nature will 
publish on 15 May the first formal 
accounts of the data gathered by the four 
encounters with Halley’s comet, together 
with related US observations. a 
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Halley's comet 


NEWS 


Vega spacecraft reveal more 
dust than expected 


Moscow 

Tur successful flight of the two Soviet 
space probes past the nucleus of Halley's 
comet showed that even from a distance of 
less than 8,000 km the nucleus of the 
comet was mostly obscured by dust. 
Estimates of the quantity of water being 
evaporated from the comet last week, a 
month after perihelion, range up to 2 x 
10” molecules per second. The three sep- 
arate dust recorders in the first Vega 
package have shown that the mass of dust 
being lost is roughly a sixth that of the 
water. In round numbers, the water loss 
on 6 March was 30 tonnes an hour, that of 
dust roughly 5 tonnes an hour. 

One practical consequence is that 
images from the two cameras on Vega 1 
were unable to distinguish the nucleus of 
the comet within its dust cocoon. By the 
time of the encounter by Vega 2 on 10 
March, the quantity of dust had fallen by a 
factor of two, for reasons not necessarily 
connected with the increasing distance of 
the comet from the Sun. But the camera 
images on this occasion are not as easily 
interpreted because of a pointing error, 
corrected only 10 minutes before the 
encounter. Even so, the Hungarian team 
working on the processing of images says 
it has extracted the information that the 
nucleus has a dumbbell shape and is less 
than 10 km across at the maximum. 

The dust measurements have provided 
most of the surprises. Both Vega craft 
encountered the main dust sheet at about 
100,000 km from the nucleus of the comet, 
in line with the expectation that the dust is 
responsible for the coma caused by the 
scattering of solar radiation. But some of 
the experimenters have been surprised to 
find recordings of dust particles from the 
comet as far away as 150,000 km. 

Others say it is surprising that the dust 
recorders show the appearance of fine 
dust (107° grams or smaller) before that of 
more substantial grains. On the present 
view of the formation of the coma and the 
cometary tail, dust is carried from the 
solar side of the nucleus by the stream of 
evaporated water molecules until driven 
away from the Sun by radiation pressure, 
which leads to the prediction that larger 
grains should form the outermost sheath 
of the coma and the tail. 

The sheer size of the dust particles has 
also been surprising. The Soviet origin- 
ators of the photon experiment, an in- 
genious device by which the holes caused 
by dust particles penetrating the thin outer 
shell of the Vega spacecraft are measured 
optically and the accompanying plasma jet 
is detected electronically in such a way as 
to provide both the energy and momen- 





tum of the incident particle, say the largest 
particle recorded by Vega 2 had a mass of 
2 x 10° grams. It left a hole in the outer 
skin nearly half a centimetre across. 

The approach to the comet by both 
spacecraft has also provided a wealth of 
information about the transition between 
the region dominated by the solar wind 
and that in which ions from the comet are 
predominant. At this stage, it is not clear 











Image of comet Halley on 17 December 1985, 
taken with a l-m reflector at the Alma-Ata 


Observatory by K.I. Churyumurov and 


Rspayev. North is up and East to the left. 
whether either of the spacecraft detected 
the expected bow shock, representing the 
interaction between the solar wind and the 
cometary environment. Vega 1 may have 
passed through the bow shock before the 
instruments were switched on just over 
three hours before the encounter on 6 
March; alternatively, the transition region 
may be more diffuse than expected. 

At the second encounter on 10 March, 
both the intensity of the solar wind and the 
concentration of gas and dust from the 
comet were reduced by a half. The plasma 
detectors on Vega 2 have clearly shown 
how, on the inward passage towards the 
comet, ions (mainly protons) character- 
istic of the solar wind are gradually re- 
placed by heavier ions, chiefly those of 
water and its photolysis products, be- 
tween 150,000 km and 50,000 km from the 
nucleus. 

Magnetic field measurements in the 
hours before the two encounters, 
essentially with similar results, also show 
the steady transition from the inter- 
planetary to the cometary environment. 
On both occasions, the magnetic field 
increased (but with an apparent periodic- 
ity which is not yet explained) from the 
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12-15 nT(1nT = 107 gauss) characteris- | 
tic of the interplanetary solar wind regime 
to 75 nT within the cometary 
environment. 

Some of the most striking data are those 
from the time-of-flight mass spectrometer 
designed at the Max-Planck-Institut fiir 
Kernphysik at Heidelberg, built with 
French funds and operated jointly with 
Soviet specialists. Тһе instrument | 
provides an instant mass spectrogram of | 
the conter® of the plasma produced by the — 
impact of individual dust particles on a 
silver target. Vega 1 provided more than 
1,000 records, Vega 2 nearly half as many. 
Although many particles appear to have 
been composed largely of light elements | 
with atomic number less than 20, thereisa — | 
substantial fraction with components of 
atomic number between 30 and 50. The | 
interest will be to see whether the second 
group shows the presence of silicon and 
iron, expected constituents of primordial 
dust. 

The two encounters have also provided 
an extremely accurate determination of 
the orbit of Halleys comet, chiefly 
through the work of the Pathfinder 
project designed so as to provide the basis 
for guiding the European spacecraft 
Giotto to its encounter with Halley's 
comet on Thursday this week. On the 
basis of the data from Vega 1, the Path- 
finder project says that it has been able to 
define the position of the comet in its orbit 
with an uncertainty of only 15 km. 

One of the team responsible says that 
ground-based observations in the past few 
years have refined the orbital elements of — 
the comet by a factor of 100, while 
triangulation based on accurate radio- | 
interferometric measurements of the posi- 
tion of the Vega spacecraft and a know- 
ledge of their pointing angles towards 
the Halley nucleus have made possible a 
further refinement by a factor of 30. 

Elaborate arrangements have been 
made to communicate this information to 
those at the Darmstadt centre of the | 
European Space Agency in West 
Germany, from where the Giotto en- | 
counter is being controlled. It is especially 
relevant that the uncertainty of the posit- 
ion of the comet along its orbit has been | 
reduced from several hundred kilometres || 
to a few tens of kilometres, given the 
ambition to send Giotto within 500 km of | 
the nucleus. 

A final decision about the direction of | 
Giotto was due to be made on Tuesday | 
this week. According to Dr Roger- 
Maurice Bonnet, the French scientific 
director of the Giotto project, the decision 
is certain to have been difficult. Five of the 
nine experiments on Giotto would prefer 
to get even closer to the nucleus than 500 
km, but the other four wish to survive 
beyond the closest approach while two 
would like to survive by Several days. One 
complicating factor is that nobody at 
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5 present understands why there has been 


such a rapid decrease of dust production in 
the three days between the two Vega 
encounters. 

Dust appears to have played havoc with 
several of the Vega experiments. A low- 
frequency plasma detector, based on an 
antenna stretched between one of the 


booms projecting from the spacecraft and 
.. the solar panels, went out of action just 


before the first encounter, to the resigned 
annoyance of the group respoftsible. On 
the less successful encounter of Vega 2, 
several instruments went out of action 


- before the encounter. One speculation is 


— affect 


that the spacecraft may have become 


electrically charged in such a way as to 
the operation of instruments 
requiring a stable reference voltage. 

The encounter of Vega 2 was also 


. complicated by a pointing error, which for 
most of the approach had the cameras 


locked on to a bright patch of scattered 


a sunlight offset from the nucleus of the 


comet. The most serious consequence was 
that the automatic microprocessor-based 


. program relating the exposure of each 
_ frame to the brightness of the aiming point 


consistently over-exposed the nucleus. In 


. à nail-biting emergency, the error was 
. corrected only ten minutes before the 
. encounter with the help of a back-up 
. guidance system. 


The general opinion of experimenters 


— and managers is that the project has been 


— eutstandingly successful. Those gathered 


saan 


"T 





at the Institute of Space Science of the 


É. Soviet Academy of Science, which has 
. mounted the exercise, have been quick to 


pay tribute to the international collab- 
oration on which the project has been 


based. 


Collaborators come from France and 


— West Germany in Western Europe and 


from Czechoslovakia, Hungary and 
Yugoslavia in Eastern Europe. Although 
the United States is not formally involved 
in a project mounted when relations be- 
tween the Soviet Union and the United 
States were in the doldrums, Professor 


Т.А. Simpson from the University of Chi- 
cago has flown a novel dust detector оп 
— the identical Vega spacecraft at the invita- 
— tion of Professor R.Z. Sagdeev, the direc- 


tor of the Soviet project and the institute 


- at which it is based. 


By common consent, the Deep Space 


— Tracking Network of the US National 
_ Aeronautics and Space Administration 


(NASA) had also provided invaluable 
assistance both during the preliminary 
encounters of the Vega spacecraft with the 
gravitational field of Venus at the end of 
last year and in refining the trajectory of 
the vehicles. 

Sagdeev recalls the Jet Propulsion 
Laboratory in California calling up one 
night with the question why one of the two 
Vegas had apparently vanished from the 
radio sky. o 
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Telling the truth in real time 


Moscow 
As this monumental city last Wednesday 
watched its four-month covering of snow 
turn to grey slush, the builders of the first 
of four probes to Halley's comet were 
celebrating (mostly in the abstemious 
Gorbachev style) their successful first 
look at that eroding dirty snowball in the 
sky. But the more striking achievements 
may be the informality of the international 
collaboration on which the Vega project 
was based and the frankness with which all 
the details of the project were displayed. 

To say that the outcome confirms the 
dirty snowball picture of a comet, that of a 
lump of frozen water with embedded dust, 
true though it might be, would be to 
diminish the occasion. Getting within 
8,000 km of an object nine light-minutes 
away may be child's play these days, while 
Voyager has shown that instruments can 
be made to function at least a decade after 
being built, but who can suppress childish 
pleasure that five years of planning for an 
hour or so of proximity to Halley should, 
in the end, succeed? 

There were, in fact, two Vegas and thus 
two close encounters, on Wednesday last 
week and on Sunday. As launched (in De- 
cember 1984), the two spacecraft were 
identical. Each of them dropped a balloon 
into the atmosphere of Venus before 
being deflected towards the retrograde 
orbit of Halley, still last week between the 
orbits of the Earth and Venus (but with 
the Earth on the other side of the Sun). At 
the Soviet Academy of Science's Institute 
of Space Sciences, the interval was span- 
ned by a kind of perpetual polyglot sym- 
posium interrupted only by visits to other 
laboratories and the need for lunch. 
Strictly, there have been two on-going 
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symposia. The experimentalists have been 
crammed with their microprécessors into 
a ground-floor room about 30 т domin- 
ated by a full-scale model of Vega. Each 
experiment has been able to monitor its 
own data stream in real time; most, almost 
as a matter of pride, have thought it seem- 
ly to produce an instant analysis and inter- 
pretation as well. The Hungarian image 
processers were back-to-back with the 
Austrian recorders of the magnetic field. 
The Czechoslovak and US dust particle 
experiments were within whispering dis- 
tance of each other (with the West Ger- 
mans across the corridor). The French 
team taking ultraviolet spectra have been 
almost inaccessible in their corner. 

The other symposium, on the floor 
above, has been for dignitaries, and has 
been recognizable by the bottles of miner- 
al water on the tables. (Local opinion 
holds that “something is going to happen” 
when the bottles are changed; “they know 
we'd drink them if they left them there too 
long”.) The dignitaries have included Dr 
Fred Whipple, lately retired from the 
Harvard-Smithsonian Astrophysical Ob- 
servatory, the originator of the dirty snow- 
ball picture, Dr Thomas Donahue, chair- 
man of the US National Academy's Space 
Sciences Board, delegations from the 
European Space Agency (ESA), the US 
National Aeronautics and Space Adminis- 
tration (NASA) and from the Space Sci- 
ences Institute at the University of Tokyo 
and vice-presidents of the Soviet 
Academy, who dropped in from time to 
time. 

During both encounters with Halley’s 
comet, this symposium has been kept 
thoroughly up to date by a display on two 
substantial video screens of data as re- 


False-colour images of 
Halley's comet (shown here 
in black and white) from 
Vega 1 at around the time of © 
closest approach at 07.20 
GMT on 6 March, with four 
different filters. Although 
the top left-hand image 
shows a small peak of inten- 
sity (which appears white) 
near the centre, this cannot 
be identified with the nu- 
cleus of the comet, but is 
rather an artefact of the 
colour-coding system. The 
double structure of the 
image immediately below, 
in the near infrared, may 
signify the jet of dust en- 
countered by Vega 1. The 
distance across each frame 
is about 1,500 km. 
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ceived and analysed by the experimenters 
in virtually real time. Professor Albert 
Galeev provided a running commentary, 
doing his best to interpret data as they 
appeared and succeeding reasonably well 
except when the projectionists switched 
displays in the middle of a sentence. (A 
Hungarian image processor says he had 
not been asked to provide this frill until a 
month ago.) It is an interesting and mov- 
ing experience to see mass spectrograms 
of the products of the impact of single 
cometary dust particles on a silver target 
literally before the West Germans who 
built this ingenious apparatus had a 
chance to censor them. 

Formally, the six-day symposium was a 
meeting of the inter-agency coordinating 
group bringing together the US and Euro- 
pean space agencies, an amalgam of the 
two agencies in Japan and that from the 
Soviet Union. Academician R.Z. Sag- 
deev, the driving force behind Vega and 
the manner of its public presentation, 
wanted to use the occasion for hammering 
out a further programme of collaboration, 
offering to form a working group to say 
what should be done next before every- 
body took flight for Darmstadt and the 
Giotto encounter. But neither NASA nor 
ESA was ready for this proposal, suggest- 
ing instead a formal discussion at a meet- 
ing planned for Padua in November. 

Apparently there is a plan to move from 
Padua to Rome for a public presentation 
of the Halley data, including an audience 
with the Pope, to whom each agency is 
expected to provide its four best pictures 
of the comet, possibly on 7 November. 
Those making the arrangements appear to 
have overlooked the significance of the 
date, the anniversary of the October Re- 
volution. Sagdeev wondered whether the 
Pope might be persuaded to celebrate 
mass for the occasion. 

For the rest, the dignitaries behaved as 
dignitaries do on these occasions. Their 
congratulations have been full-throated, 
not merely for the success of the two 
Vegas but for the openness of the pro- 
ceedings of which they have been a part. 
The institute's staff has been surprised to 
find the proceedings televised live from 
the *data analysis room", which is said to 
be unprecedented. But what about the 
Party Congress? “That’s the other excep- 
tion." 

The good-humoured meeting has also 
been sadly depressed about the shuttle 
tragedy, wondering what the effect will be 
on the US space programme. NASA offi- 
cials say that it has been decided to plan on 
the assumption that the shuttle will be 
operating again after a delay of twelve 
months, and that priority will then be 
given to launching the Galileo mission to 
Jupiter and the Hubble space telescope. 
The snag, it seems, is that "it's costing us 
$10 million a month to keep things on 
hold". John Maddox 
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Japan's probe rocked by dust 


Tokyo 

"Ir's great" was how researchers at 
Japan's Institute of Space and Astro- 
nautical Science (ISAS) reacted to news 
that their space probe Suisei (comet) had 
safely passed its point of closest approach 
to Halley's comet. Suisei was twice shaken 
by collision with high-velocity dust parti- 
cles as it came within 150,000 km of the 





Sun side of Halley at 22.06 on Saturday, 8 
March (Japan time) but in neither case 
was it thrown sufficiently out of orienta- 
tion to affect data collection. 

News of the collisions and data from the 
encounter did not reach Japan until Sun- 
day, for the probe was on the wrong side 
of the Earth to communicate with ISAS's 
new deep-space observation centre at 
Usuda in Nagano Prefecture, west of 
Tokyo. Last commands sent to Suisei on 
Saturday were for the probe to continue to 
make observations with its ultraviolet 
camera and its ion-energy analyser 
according to programme. From Saturday 
evening until Sunday morning, signals 
were picked up at the US National Aero- 
nautics and Space Administration 
(NASA)'s space observation centres in 
Spain and California, suggesting that all 
was going well. Then when Suisei came 
back round to the Japan side of the Earth, 
all data collected during the encounter 
were taken out of memory and transmit- 
ted to Japan. 

The first and biggest surprise was that 
the probe had been shaken by collisions 
with dust particles just before the point of 
closest approach. The first collision at 
20.54 knocked the rotation axis of the 
probe relative to the Sun out by 0.48°; the 
second at 21.26 added another 0.24° de- 
viation. But neither was sufficient to affect 
observations of the comet. The first im- 
pact was also powerful enough to slow 
down the satellite's spin period of 9.184 
seconds by 0.027 seconds; the second, pre- 
sumably to a different part of the struc- 
ture, had a scarcely noticeable effect. 

News of the dust collision triggered 





some rapid calculations as to just how big 
the particles must have been to rock the 
135-kg probe, bearing in mind that their 
relative velocity is something like 73 km 
per second. Initial estimates were that the 
dust weighed about 10 ug; but recaleula- 
tion came up with a figure of 1-2 mg, 
giving the*particles diameters of 1 -2 mm. 
If this proves correct it is a very big sur- 


prise and may be bad news for the Euro- 
pean spacecraft, Giotto, which is going 
very much closer to Halley later this week. 
“We don't know whether to call it good 
luck or bad", said one ISAS scientist of the 
collisions — bad luck to have been hit or 
good luck to have discovered something 
quite unexpected; no dust particles this 
large were expected to be thrown off by 
the comet. 

Not unsurprisingly, there has been no 
time yet to analyse data in any detail. But 
results from the Lyman-alpha ultraviolet 
imaging camera confirms the variability in 
the hydrogen coma of Halley's comet that 
the Japanese team report in this issue of 
Nature (see p. 140). Detailed study should 
make it possible to measure the period of 


rotation of the comet. Preliminary results ` 


from the ion-spectrum analyser also indi- 
cate that a shock-like region forms on the 
Sun side of the comet as the solar wind is 
displaced around it. lons from the comet 
were detected as far as 400,000 km away. 
Suisei will continue to make observa- 
tions of Halley for as long as possible. 
Over the next few days, Sakigake, the test 
probe launched in advance of Suisei, will 
come into position downwind of Halley to 
complement its observations. On board 
are instruments to measure plasma waves, 
ion temperature, velocity and density and 
the interplanetary magnetic fieid. But sci- 
entists at ISAS are already beginning to 
wonder what сап be done next with Suisei. 
One of ISAS's satellites continued to func- 
tion for six years and it is hoped that furth- 
er useful observations can be made with 
the probe as it continues to circle the Sun 
Alun Anderson 
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P D Biotechnology 


EN systems go in Britain 


Ir has been a fortnight of activity at the 
_ business end of biotechnology in Britain. 
First Genentech, the Californian com- 
T pany, was granted a British patent for its 
tissue plasminogen activator (TPA), 
_ which is expected, to find a place in the 
~ treatment of myocardial infarction. Then 
—. the British pharmaceutical сопфапу Well- 
come plc, while awaiting Genentech's 
- announced intention to file suit against 
. Wellcome for infringement of the newly 
— granted TPA patent, set in motion an 
. attempt to revoke the patent. And finally, 
_ the first British licences for a clinical use of 
interferon were granted. 
4 The interferon licences аге less of а 
- coup than they might seem, since they are 
only for the treatment of hairy-cell 
_ leukaemia, of which there are fewer than 
; 1100 new cases а year in Britain. Interes- 
. tingly, the Committee on Safety of Medi- 
- cines, which grants the licences, has 
- chosen not to discriminate between Well- 
б come’s interferon (trade name Well- 
E. feron), which is purified from a cultured 
cancer cell line and is a mixture of the 
| many slightly different a-interferons, and 
— Intron A, which is a single a-interferon 
= produced in bacteria by recombinant 
. DNA technology by Schering-Plough 
- (the licence goes to the company's British 
- subsidiary Kirby- Warrick Pharmaceutic- 
, als Limited). Hoffmann-La Roche has 


. Swiss prize shared 


| Désiné Collen of the University of Lou- 
— vain, Luc Montagnier of the Institut Pas- 
_ teur and Michael Berridge of the Universi- 
( ^r of Cambridge have shared this year's 
00,000 prize awarded by the Louis Jean- 
: ” tet Foundation for Medicine. 
- Тһе prize, named after a resident of 
poe who died in 1981, is awarded 
annually to up to three “ou and 
( productive research workers" to provide 
them “with substantial funds to pursue 
- their researches". 

22 СоПеп, whose work оп the mechanisms 
М 4 Етер dispersal forms the basis of 
the British patent for tissue plasminogen 
rtm awarded to Genentech two 
| weeks ago, will use the prize money to app- 
— ly genetic engineering to the production of 
mew clot inhibiting or dissolving subst- 
— ances. The award to Montagnier, who dis- 

~ covered the virus that causes acquired im- 
mune deficiency syndrome (AIDS), is to be 
. A used to continue his research into this and 

.. will continue to explore the presence and 
' — function in cells of substances related to 

~ inositol trisphosphate, the work for which 

= hisshare of the prjze was awarded. 

3 Peter Newmark 

































also applied for product licences for its 
recombinant DNA-produced œ-inter- 
feron (Roferon A). 

It remains to be seen, said Wellcome 
officials last week, whether there will be 
conditions in which their broad-spectrum 
product is advantageous or disadvan- 
tageous compared with single interferons. 
So far, both Schering and Hoffmann- La 
Roche have each concentrated on only 
one a-interferon. Dr Daniel Catovsky of 
the Royal Postgraduate School of Medi- 
cine in London, who has carried out a trial 
of Wellcome's interferon, said this week 
that it seems as if all cases of hairy-cell 
leukaemia seem to benefit in a predictable 
way from treatment. 

Schering's interferon-«,, started life as a 
clone in Dr Charles Weissmann's labora- 
tory at the University of Zurich and was 
developed by Biogen for Schering, which 
now has a variety of product licences in the 
Philippines, Belgium and Ireland but 
none yet in the United States. Hoffmann - 
La Roche's interferon-o,, was originally 
cloned by Genentech. 

In contrast with its policy on interferon, 
Genentech has chosen to be much more 
independent with TPA, although it does 
have marketing agreements with some 
overseas companies. From the first clon- 
ing of TPA's DNA at Genentech in 1982 
(starting with a TPA-producing cell line 
characterized by Dr Désiré Collen, see 
below), the company had reached the 
stage last year of converting a car park into 
a fermentation plant dedicated to the cul- 
ture of the mammalian cells that produce 
TPA after its DNA has been genetically 
engineered into them; several European 
patents have already been granted and cli- 
nical trials are far advanced. 

By contrast, Wellcome's TPA is still at 
preclinical stage and is far from being a 
home-bred product. The original cloning 
was carried out by Joe Sambrook at Cold 
Spring Harbor Laboratory in conjunction 
with the Cell Biology Corporation which 
was a collaboration between the labora- 
tory and Baxter Travenol. Pre-production 
development was carried out for Travenol 
by the biotechnology company Genetics 
Institute, based in Cambridge, Mas- 
sachusetts. And Wellcome then took over 
for the production stages, because of its 
expertise in the large-scale culture of 
mammalian cells gained during its inter- 
feron work. 

The hope is that TPA will be a better 
thrombolytic agent, particularly in the re- 
moval of clots in the coronary arteries, 
than the currently favoured streptokinase. 
Commenting on the clinical trials in New 
England Journal of Medicine last Octo- 
ber, Dr Sol Sherry of Temple University 
School of Medicine concluded that "se- 
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Plutonium dumping? 


Reports of plutonium on the seabed near 
the Loviisa nuclear power station in Fin- 
land have been greatly e ted, ac- 
cording to ErkkeIkusof the Finnish Centre 
for Radiation and Nuclear Safety. But the 
reports have come at an embarrassing 
moment for Finland’s nuclear energy in- 
dustry. The two nuclear power companies, 
Teollisuuden Voima (TVO), which has two 
nuclear power stations at Olkiluoto, and 
Imatram Voima (IVO), which operates the 
two stations at Loviisa, are at present ne- 
gotiating a cooperation arrangement in 
order to increase their combined generat- 
ing capacity by 1,000 MW. 

According to Ikus, the Centre for Radia- 
tion and Nuclear Safety monitors the whole 
Finnish coastline, but concentrates, natur- 
ally, on the vicinity of Olkiluoto and 
Loviisa. The reports about Loviisa refer- 
red, he said, to a plutonium concentration 
of about 100—300 becquerels рег m’, 
which, he said, is “typical for all our 
coastal stations". Helsinki radio, which 
first carried the story, had, he said, simply 
mistaken its newsworthiness. 

In any case, Ikus said, the plutonium in 
question came, not from Loviisa, but from 
the fallout from nuclear tests in the past. 
When asked about reports reaching Swe- 
den from Estonian dissidents that nuclear 
waste from the Paltiski submarine base is 
being dumped in the forest near Tallinn or 
discharged directly into the Baltic, Ikus 
said that he was “sure on scientific 
grounds" that this was not the case with the 
plutonium found in the Finnish sediments. 

Vera Rich 





rious questions remain about how much of 
a therapeutic advance it will represent as 
compared with the agents already avail- 
able". Undeterred, Genentech and Well- 
come are prepared to foot the bills for 
what might be a protracted test case for 
the patentability of the products of 
biotechnology. “If litigation does pro- 
ceed", says Stephen Crespi, controller of 
patents for the British Technology Group, 
“it will shed some much-needed light in 
patentability in this very untested field." · 

Peter Newmark 
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Dn James С. Fletcher, administrator of 
the US National Aeronautics and Space 
Administration between 1972 and 1977, 
who has been invited to resume the post in 
succession to Mr James Beggs, who has 
resigned. The appointment is subject to 
approval by the US Senate. a 
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Prizes 


US winners for 
Israeli prizes 


Rehovot 

US errizens walked off with most of this 
year's Wolf Prizes, just as they did with 
most of the Nobel Prizes (although the 
prize categories are not identical). 

In mathematics, for example, the 
$100,000 Israel-based international award 
went to a pair of European-born Amer- 
icans, Professor Samuel Eilenberg of Col- 
umbia University and Professor Alte Sel- 
berg of the Institute for Advanced Study 
at Princeton. Eilenberg was chosen for his 
fundamental work in algebraic topology 
and homological algebra, while Selberg 
was honoured for his profound and origin- 
al work on number theory and on discrete 
groups and automorphic forms. 

Opening up a new field of research, the 
study of chaos won Wolf Prizes in Physics 
for an American, Professor Mitchell Jay 
Feigenbaum of Cornell University, and a 
Frenchman working in the United States, 
Professor Albert Joseph Libchaber of the 
University of Chicago. 

Professor Elias James Corey of Harvard 
University and Professor Albert Eschen- 
moser of the Swiss Federal Institute of 
Technology (ETH) share the Wolf Prize 
in Chemistry, in recognition of their re- 
search on the synthesis, stereochemistry 
and reaction mechanisms for the forma- 
tion of complex natural products, particu- 
larly vitamin B,,. Eschenmoser is the first 
Swiss national to receive a Wolf Prize. 

In agriculture, the prize is shared by Dr 
Ernest R.R. Sears of the Unversity of Mis- 
souri and Sir Ralph Riley of the UK Agri- 
cultural and Food Research Council. The 
two cytogeneticists were cited for their in- 
dependent research in basic plant breed- 





. ing, which has permitted the insertion into 


wheat of genes representing desirable 
characteristics from alien plants so as to 
improve wheat germ plasms and cultivars. 

The Wolf Prize in Medicine, the last to 
be announced, went this year to a 
Japanese researcher, Professor Oshmu 
Hayaishi, president of the Osaka Medical 
College, for his discovery of oxygenases, a 
group of enzymes that are catalysts in the 
use of oxygen by living organisms. They 
also, as the citation noted, play a crucial 
role in the metabolic disposal of foreign 
compounds such as drugs and insecticides. 

The Wolf Foundation, which has been 
awarding annual prizes since 1978, was 
established by the late Dr Ricardo Wolf, a 
German-born chemist and philanthropist 
who lived for many years in Cuba. 
Appointed Cuban Ambassador to Israel 
in the 1960s by his friend Fidel Castro, he 
remained in Israel after Cuba broke off 
diplomatic relations in 1967 until his death 
in 1981. Nechemia Meyers 
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US science and technology 





McTeague looks to the future 


Washington 

CONTEMPLATING the future of your agen- 
cy when it is faced with a 28 per cent 
budget cut is not a cheerful prospect. But 
that is the plight of John McTeague in his 
first weeks as acting director of the White 
House Office of Science and Technology 
Policy (OSTP). “We can operate with a 
budget at almost any level, the question is 
which activities the office will undertake", 
says McTeague. "That is a matter of con- 
sideration by the Congress." 

Last month McTeague was on Capitol 
Hill before a Senate appropriations sub- 
committee. While he did not appeal for 
more money for his agency, McTeague 
did say that he would be very happy with a 
10 per cent cut in his budget, considering 
the alternative he is faced with. 

McTeague is not behaving like a tem- 
porary incumbent marking time while 
waiting to be replaced. Before the con- 
gressional committee he was quick to 
point out the need for a stronger hand in 
guiding science and technology policy by 
the federal government. He plans to pro- 
vide some of that guidance through his 
own role as chairman of the dozen com- 
mittees making up the Federal Coordinat- 
ing Council on Science, Engineering and 
Technology (FCCSET). While he refuses 
to state explicitly that he favours a cabinet 
level department, he clearly feels the 
present system is awkward. 

McTeague considers that most people 
fail to appreciate the scope of OSTP's 
activities. “OSTP is a little like an impres- 
sionist painting", said McTeague. "If you 
don't stand back, you miss the picture." 

One FCCSET committee, formed last 
December, is attempting to place renewed 
emphasis on international cooperative 
agreements in which the United States is 
involved. 

“It’s not an effort to dictate individual 
programmes", says McTeague. But this 
does not mean that OSTP will support US 
participation in international programmes 
that do not fall in line with domestic priori- 
ties or international policies. McTeague 
believes that the most effective inter- 
national interactions are those that take 
place informally, with government main- 
taining a hands-off policy. 

One project with enormous inter- 
national implications is the proposed 
Superconducting Supercollider (SSC). 
With a price tag approaching $6,000 mil- 
lion, there is a natural reluctance to forge 
ahead, although McTeague maintains that 
the present administration firmly supports 
high-energy physics. 

“We have to take a good hard look at it 
[SSC] and see how it fits in at this time 
with national priorities and budget ex- 
igencies", says McTeague. Although 


















greater cooperation with the Europea 
Organisation for Nuclear Researe 
(CERN) may be a practical alternative 
building SSC, it seems to fly in the 
strong commitment by the governmen 
maintaining “this natiqn’s forefront rol 
high-energy physics”. - Wen 
OSTP 
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federal role in science and technolo 
not to attempt to drive specific com 
cial technologies, but to support fore? 
basic research, which will have payotf: 
foreseeable at the time of funding". A 
same time, he supports "problem foc 
Science centres at universities, aime 
areas of “broad national needs and. 
vant to industrial technology". Мева 
explains this apparent contradiction 
pointing out that it will be scientists, 
the government, who will identify th 
“problems”. The government's role: 
be to nurture these centres once t 
direction has been plotted. 
McTeague has had three years in Wi 
ington to watch and participate in. 
workings of OSTP. He clearly inten 
continue pressing for federal support. 
science, although he is anxious | 
industry should contribute its share to 
financial burden. With the Gra 
Rudman cloud hanging over the Un 
States and the federal budget, roan 
OSTP will not be an easy job. Perhaps: 
never is. Joseph Pakes 






































tegic Defense Initiàtive 


е 


RARE glimpse of progress and problems 
h President Reagan's Strategic De- 
se Initiative (SDI) was offered last 
ek by Lt General James A. Abraham- 
m, chief of the SDI organization, baited 
a feisty Senator William Proxmire 
lemocrat, Wisconsin), who™kicked off 
€ congressional SDI appropriation hear- 
by declaring “if you expect a 75 per 
int budget increase you're in for a rude 
wakening". 
‘Abrahamson exercised commendable 
estraint as he outlined changes to the 
rogramme since his last appearance be- 
re the defence subcommittee of the Sen- 
* Appropriation Committee. Space- 
ased chemical lasers, once one of the SDI 
organization’s high hopes, are out; 
spaced-based kinetic kill vehicles are in. 
And point missile defence, a more res- 
tricted goal than President Reagan's con- 
pt of a shield covering the whole United 
ates, will "need study". 
The administration's proposed budget 
SDI in fiscal year 1987, which starts 
t October, is $4,800 million: the cur- 
rent budget is $2,760 million, 25 per cent 
less than the President had requested. The 
tough treatment meted out to Abraham- 
son by some members of the subcommit- 


SSC in doubt 
Washington 
Opservers on Capitol Hill are becoming 
picious that the US Department of 
гру" possible mammoth accelerator 
oject; the 60-mile-around Supercon- 
cting Supercollider (SSC), may bea hos- 
ge to the Gramm - Rudman deficit re- 
uction act and perhaps to the cost of re- 
ing the space shuttle Challenger. Re- 
testimony given by representatives of 
the department makes clear that no deci- 
has yet been taken even to support 
tinuing research in fiscal year 1987 
tarts next October). 
е department insists that a decision on 
er to build SSC, estimated to cost 
00 million, will be made only after it 
s.a comprehensive technical report 
from the Central Design Group on 1 
Jut the tone is decidedly less enthusiastic 
than in previous years. Project managers 
ad hoped for $65 million to conduct re- 
earch on SSC next year, but even if all 
oes well the total is likely to be rather less 
than $40 million, to be obtained by repro- 
gramming from elsewhere in the high- 
nergy physics budget. In any event, the 
oject is big enough to require cabinet 
evel approval before it goes ahead. Actual 
construction funds could not be expected 
before fiscal year 1988. Tim Beardsley 
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rilling for Abrahamson 


tee last weck owes something to the fact 
that, alone among military programmes, 
SDI has been totally exempted from cut- 
backs in the current financial year result- 
ing from the Gramm - Rudman deficit re- 
duction law. 

But Proxmire — who dominated the 
proceedings though not formally in charge 
— also ridiculed the SDI organization's 
decision to classify a report on SDI con- 
tracts prepared by the General Account- 
ing Office entirely from unclassified 
sources. 

Declaring that all the information in the 
now classified report was readily available 
through other official and private publica- 
tions, Proxmire demanded whether Abra- 
hamson thought "the Soviets haven't got 
$625 (the cost of the documents) and a 
calculator". Abrahamson thought it was 
not in the national interest to have details 
of SDI contracts and contractors listed in a 
single, easily obtained volume. 

Abrahamson went on to unburden him- 
self with some admissions of greater than 
expected technical problems that have 
been encountered in discriminating real 
warheads from decoys. The SDI organiza- 
tion's "red team" (set up to think of ways 
in which the Soviet Union might counter 
SDI) has made US versions of Soviet war- 
heads and possible decoys so successfully 
that the blue team was forced to conclude 
that "passive discrimination is not quite 
sufficient" to tell them apart. Undeterred, 
Abrahamson explained how he now hopes 
to use low-power neutral particle beams 
and “cheap” detectors for “interactive dis- 
crimination” — although “more research 
is needed at this time". 

Research on space-based lasers has 
been slowed "with a profound sense of 
technical regret" because of budget press- 
ures, Abrahamson explained, in order to 
avoid accepting slippage in the more 
promising parts of the programme. 

Proxmire was unforgiving. After re- 
minding Abrahamson that the organiza- 
tion had cancelled a $62 million contract 
for space-based infrared sensors because 
costs had exceeded estimates (and settled 
for a less capable sensor), he demanded to 
know “why Congress should believe the 
priorities won't change again" апа 
whether it was not that the SDI organiza- 
tion had come to realize that space-based 
weapons were militarily vulnerable. 
Abrahamson replied with an allegory: just 
because aircraft are vulnerable to attack 
they have not become militarily useless, 
he said. Anyway, satellites could be de- 
fended but details were classified. 

Abrahamson averred that in other areas 
research had been more successful than 
expected. (Very fast rockets in pods in 
space apparently look good.) But he did 














provide one hint of where the SDI orga- 
nization might be going if indeed, as many 
critics contend, an overall missile defence 
shield over the United States proves tech- 
nically too daunting, although thís was not 
a possibility Abrahamson thought at all 
likely. 

While a decision on the feasibility of the 
population shield should be possible by 
the mid-1990s, according to Abrahamson, 
a decision on a more restricted goal of 
point missile defence should be possible 
somewhat earlier, perhaps as soon as the 
early 1990s, Tim Beardsley 


Canadian budget 
New twist 


CANADA has introduced a "brand new 
twist" to the budget process in an attempt 
to increase money for research, and pro- 
vide university research councils with 
"stability of funding for the next five 
years". But many, not least the research 
councils themselves, are not too clear on 
how this stability is to be achieved. 

The new scheme is designed to increase 
private sector support for research. Start- 
ing in fiscal year 1987, the government will 
match dollar for dollar contributions from 
private industry to research councils, up to 
a total of 5 per cent of an individual coun- 
cil's budget. The problem is that nobody is 
sure how the matching scheme will oper- 
ate in practice, and the government is still 
working on an explanation. 

Moreover, after increases for Canada's 
three research councils in the first year of 
the five-year plan, the government's core 
contribution drops, and any increase will 
have to come from the matching funds 
scheme. Uncertainties about how much 
this will amount to has forced the Natural 
Sciences and Engineering Research 
Council (NSERC) to cancel plans for ex- 
pansion, and even at current levels 
NSERC will have to cut back its program- 
me. 

If the private sector does embrace the 
plan, the budgets of the research councils 
will increase by $1,000 million over the 
next five years. The government is in the 
process of overhauling the tax structure to 
encourage private investment in research 
council projects. 

A joint statement issued by the Cana- 
dian Association of University Teachers 
and the Association of Universities and 
Colleges of Canada expressed “grave con- 
cern” about the government’s plan. While 
not opposed to closer cooperation with 
business, the university groups worry ab- 
out how the relationship with industry will 
be defined. 

A big loser in the budget battle is the 
Science Council of Canada. The council's 
budget was cut by half to $2.5 million, and 
its full time staff was reduced from 68 to 
thirty. Joseph Palca 
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Nuclear winter 


Has winter become fall? 


Blacksburg, Virginia 
Two years bf intensive computer model- 
ling have substantially refined the concept 
of "nuclear winter" but the diverse opin- 
ions on its strategic and diplomatic im- 
plications suggest that any real impact on 
US defence policy is still some years away. 
A conference* last week that included 
representatives from universities, govern- 
ment and the military heard sharply differ- 
ing viewson the importance that should be 
attached to the results so far obtained. 
- There was a consensus that although 
models have become increasingly soph- 
- isticated and useful, there is still great un- 
certainty about the source terms for the 
quantity of dust and smoke that would be 
injected into the atmosphere following a 
nuclear exchange. Beyond that, pre- 
established positions dominated. Colonel 
Terry Hawkins, representing the Penta- 
gon, agreed that the possibility of nuclear 
winter was a "sideshow" that was simply 
another reason to avoid nuclear war, and 
répeated the familiar Pentagon line that 
the present policy of deterrence through 
strength is the best interim policy. But 
Hawkins did use the idea of nuclear winter 
to support a transition to defensive 
weapons as a long-term aim through the 
Strategic Defense Initiative (SDD. 
Others, believing SDI to be destabilizing, 
argued exactly the opposite. 

Robert Simmons of the Arms Control 
and Disarmament Agency agreed that the 
threat of nuclear winter was a further 
reason for disarmament: Maurice Roesch 
HI, assistant director of the White House 
Office of Science and Technology Policy 
(OSTP), said that it was necessary to 
understand the phenomenon “before we 
go too far trying to understand policy im- 
plications" and made clear his view that 
"understanding had not yet been reached. 

Others, such as Thomas Malone, for- 
mer secretary-general of the International 
Committee of Scientific Unions’ Scientific 
Committee on Problems of the Environ- 
ment (SCOPE), emphasized that nuclear 
winter had attracted much interest in non- 
combatant countries such as India, which 
would in future take a much greater in- 
terest in nuclear war doctrines of the su- 
perpowers and catalyse "worldwide moral 
indignation" over nuclear weapons. 

SCOPE last year produced the most 
thorough study yet of climatic effects of 
nuclear weapons. But George Rathjens of 
Massachusetts Institute. of Technology 
strongly criticized ' “irresponsible” misrep- 
resentation of the science of nuclear win- 
ter (“the worst example in my memory”), 
while making it clear that he was referring 
to popular press coverage and public 
statements by the populist scientists rather 
than to the research papers themselves. 
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And some pointed out that a nuclear war 
between the superpowers would be quite 
damaging enough to developing countries 
because of the loss of trade, even without 
nuclear winter. 

Ambassador Richard Butler, Austra- 
lia's representative at the Geneva arms 
talks, made an impassioned plea for tlie 
superpowers to live up to their commit- 
ment to abandoning nuclear weapons 
altogether and said the changes now 
occurring in the Soviet bureaucracy make 
it possible to start work on “a new fabric of 
security for the forthcoming post-nuclear 
age". 

More sophisticated recent  three- 
dimensional interactive global circula- 
tion models tend to predict smaller 
temperature drops in continental interiors 
than the one-dimensional model of Turco, 
Toon, Ackerman, Pollack and Sagan (Sci- 
ence 222, 1283-1292; 1983). 

The latest results from the global cir- 
culation model at the National Center for 
Atmospheric Research at Boulder, Col- 
orado, continue the trend. Preliminary re- 
sults reported by Stephen Schneider and 
Starley Thompson at a Defense Nuclear 
Agency technical review from a model in- 
corporating microphysics effects to coagu- 
late smoke and dust particles, remove 
them by precipitation and allow the 
changed particle size distribution to affect 
radiative transfer terms, predicted an 
average temperature drop in the Northern 
Hemisphere for a 180 terragram smoke 
injection at close to 12 degrees centigrade, 
about 3 degrees less than a similar model 
without the microphysics package. The re- 
sults are likely to be referenced in a forth- 
coming but delayed report on nuclear win- 
ter requested by Congress from the De- 
partment of Defense. 

Russell Seitz, currently at Harvard Uni- 
versity, quoted Schneider as referring to 
the new simulations (together with new 
estimates of fuel loading by George Bing 
of Lawrence Livermore Laboratory that 
suggest 60 terragrams would be a more 
plausible smoke injection for a medium- 
sized conflict) as indicating that "nuclear 
fall" would be a more appropriate descrip- 
tion of climatic changes after a nuclear 
exchange. 

Richard Small of Pacific Sierra Re- 
search Corporation presented an analysis 
of fuel loadings resulting from a strictly 
counterforce exchange that predicted a 
maximum of 3 terragrams of smoke in the 
atmosphere, not enough to produce any 
nuclear winter effect. But Small agreed it 
was "prudent" to consider policy implica- 
tions. 

George Carrier of Harvard University 
said that trends in modelling suggest that 
for a nuclear exchange in the Northern 
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| thought to be one area where collabo 












Hemisphere to devastate agriculture is 
the Southern Hemisphere “almost ай € 
as yet unknown parameters will have. 
come out on the serious side", unless.ag 
cultural systems are even more sensitive 
climate effects than is now recognized. 

Others drew attention to other possible 
long-term consequences of a nuclear © 
change. Michael McCracken of Lawr 















reduced By even relatively small si 
injections, possibly leading to a failur 
the monsoon. l 
Mark Harwell of Corneli Universit 
co-author of last year’s SCOPE repor 
nuclear winter, reiterated that even 
more modest temperature drops 
dicted by the latest models would still ha 
disastrous consequences for agricultu 
given the effects of spatio-temporal 
tion, and pleaded for more research 
port for biological effects. The g 
majority of US federal support for нос 
winter research (nominally $5.5 illic 
the current fiscal year) is for geophysics 
work, although the National Scie 
Foundation still has $100,000 uncony 
ted that could be diverted to biology. 
Much discussion centred on the pr 
posal, put forward by Senators Ртохн 
and Hatfield, that the United States a 
the Soviet Union should establish a joi 
commission to study nuclear winter. АЈ 
Hecht of the National Oceanic an 
Atmospheric Administration, who dre 
up the US research plan before the to 
was taken over by OSTP, spoke fà 
ably of the potential of Soviet scientisi 
contribute to nuclear winter rese 
although the disappearance a year ag 
Soviet researcher Vladimir Aleksanc 
had done nothing to make collabe 
easier. But he complained of the diffic 
of gaining access to top Soviet scienti 
Large-scale experiments on fires à 




































tion might be fruitful: observations of à 
liberate forest burns are also being p 
ned with the Canadian Forestry Ser 
Work on computer modelling is comp 
cated by the Department of Defense 
sistence that Soviet citizens should n 
have access to US supercomputing ex) 
tise, currently a source of friction betig: 
the Pentagon and the National Swie 
Foundation. Administration — office 
strongly prefer to work on develope 
lower level contacts than a commissi 
would imply, however, most protab 
under the auspices of the 10-year old 
Soviet bilateral agreement on enviro 
mental cooperation, which has a wor 
group on atmospheric research charred. 
Hecht. A final decision on whether te 
sue that option has yet to be made. 
Tim Beardsle 
* Nuclear Winter: strategic Барево», Virgin Poet 


Institute and State University, Blacksburg, Virginia, 6 NM 
1986. 




























































3iR— Certain critics of South Africa are 
now threatening to invade the arena of the 
matural sciences. The objects of this 
vociferous minority, in essence a congerie 
Of ill-informed scientists and  non- 
Scientists, are to isolate our scientific com- 
unity by impairing the free flow of scien- 
tists and scientific information to and from 
South Africa. The latest maniféstation of 
| campaign is the attempt to preclude 
е attendance of South African scientists 
t the World Archaeological Congress. 
Тат the president of the South African 
ouncil for Natural Scientists, an auton- 
omous body created by statute, which 
consists of eminent scientists nominated 
i their peers from all the branches of the 
natural sciences. 
|. The-council’s terms of reference are to 
register adequately qualified natural sci- 
ntists and to promote the interests of 
heir profession; to protect public health, 
safety and interests generally against ac- 
ns by inadequately qualified or non- 
ualified persons who venture into the 
tural scientist's field; and to administer 
ode of professional conduct for all reg- 
tered natural scientists. 
The council, which is totally non-racial, 
ssued a policy statement early in 1985 in 
which it reaffirmed its attitude in support 
f the universality of science. It further 
expressed itself in favour of the free and 
unfettered pursuit of science and reas- 
setted its constant aim to promote the in- 
erests of all natural scientists, irrespective 
race, colour, creed or sex. 
"The proponents of South Africa's scien- 
isolation find justification (sic) for 
heir actions in convoluted political argu- 
ents which are spurious in the very con- 
ext of what science is all about: the pur- 
uit of knowledge and the advancement of 
man capabilities. Surely scientific con- 
ribution or discovery cannot in the least 
е discounted or deemed irrelevant or less 
cogent merely because it emanates from a 
articular individual or country. 
ternational boundaries and ideologic- 
barriers are totally irrelevant in the pur- 
itand exchange of knowledge. Scientific 
enius crops up without regard for coun- 
'" language and race. The laws of nature 
re identical in all lands: they are there to 
ye discovered and applied, accessible to 
he researchers of all nations. The natural 
cientist constantly endeavours to think in 
terms of realities that transcend parochial 
_interests and personal aggrandizement: he 
_is, in fact, a member of an international 
“community. This we believe, and would 
__ commend to those attempting to disrupt 
he community of natural scientists. 
It is common cause that scientists world- 
wide are, by and |агре, men and women 
who are intelligent, objective and fair- 
minded. In the particular context of the 
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CORRESPONDENCE 


South Africa and science for all 


subject matter of this appeal, these attri- 
butes have significantly come to the fore 
of late: large numbers of letters are being 
received by scientists in this country from 
their colleagues worldwide in which the 
pernicious activities of our would-be isola- 
tionists are severely slated. 

V. PRETORIUS 
South African Council 

for Natural Scientists, 

Private Bag 11303, Brooklyn, 
Pretoria 0011, South Africa 





Chinese forest 


Str—In the article "South China's germ- 
plasm tank" (Nature 318, 220; 1985) there 
is a reference to what must be the 
Ding-hushan Forest Nature Reserve, an 
out-station of the South China Institute. 
It is not, as described, a 1,200-hectare 
arboretum and if it were, it would be by far 
the largest arboretum (tree collection) in 
the world. It is a largely untouched relic of 
natural subtropical forest which has re- 
mained so because it surrounded a temple 
and was regarded as sacred ground. Nor is 
it 1,200 hectares, but 300 hectares sur- 
rounded by 900 hectares of recent Pinus 
massoniana plantation buffer zone. 

Your article says that Dinghushan may 
become one of the UNESCO Man and the 
Biosphere projects. It has been one for 
some time and this is proudly proclaimed 
at the entrance to the reserve. 

E.H.M. HARRIS 
Royal Forestry Society, 
102 High Street, 
Tring, Hertfordshire HP23 4AH, UK 


Bigfoot no joke 


SiR—As the leader of the “Bigfoot con- 
servation group" that threatened to dis- 
rupt Mark Keller's armed Bigfoot hunt in 
1984 (see Nature 313, 418; 1985) as well as 
a Loch Ness monster investigator (1982 
and 1983), I should like to comment on 
what you say. First, our group wanted to 
stop Keller because we had no faith that 
he would not shoot some unarmed hiker in 
error. Then, we (Project Bigfoot) found 
almost no commercial interest in Bigfoot 
by chambers of commerce in the north- 
west. The local citizens simply wanted to 
stop hikers and others from running any 





risk in their woods from trigger-happy | 


Bigfoot hunters. Bigfoot himself and his 
tribe seem to be able easily to avoid armed 
men, as Keller found after four months of 
no results. 

But your main complaint seems to be 
that too much money and public commis- 
sion time is being spent on what the writer 
feels is wasted effort. He wants that 
money/time spent on serious science, such 
as anti-pollution studies. In response, let 


i 
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me suggest that Bigfoot/Nessie/Chessie 
research may in time uncover some se- 
rious scientific information on the nature 
of energy-forms that we occasionally see 
but cannot catch or kill, The borderlands 
of science are often seen as'a waste to 
study, but today's nonsense can often 
become tomorrow's serious scientific 
achievement. 

Erik BECKJORD 
The Cryptozoology Museum, 
18711 Pacific Coast Highway, 
Malibu, California 90265, USA 





Animal intelligence 


Sir—If man can be separated from anim- 
als only because he shows foresight, what 
can we make of the squirrel burying nuts 
in advance of the cold weather? Or the 
ants that show true agriculture with their 
fungus gardens? Andrejs Baidins’ rule of 
thumb (Nature 319, 172; 1986) is as shaky 
as any other. 

R. Powers 
Department of Palaeontology, 
British Museum (Natural History), 
Cromwell Road, London SW75BD, UK 





Acid rain from jets? 


Sir—Any motorist knows how corrosive 
exhaust fumes are on metal. No doubt 
aeroplane exhaust gases have much the 
same property, but since much of the emis- 
sion from modern civil aircraft occurs at 
high altitudes, the vapour trails of droplets 
of ice containing any corrosive material 
must travel hundreds of miles to reach 
ground level. Where they eventually 
arrive will be governed by the variable 
weather conditions that they will encount- 
er in falling, or being washed down in rain. 

It would be of considerable interest and 
practical importance to take samples of air 
containing water vapour and disolved sub- 
stances from the vapour trail area of the 
flight path of one of the large civil jets and 
to analyse the samples for "corrosive" 
content. 

The present conventional hypothesis 
for the “acid rain effect" puts the blame on 
the water vapour contamination from the' 
smoke stacks of industrial plant. But 
present coal consumption is only a little 
more than one-third of what it was in the 
1900s, and even though oil firing is much 
increased since then, it seems unlikely that 
this source could be the main factor re- 
sponsible for the quite recent. rapid 
worsening of the mortality of trees due to 
acid rain. If this was the main càuse, why 
were not its effects much more severe in 
the early years of this century? Atmo- 
spheric pollution on a large scale due to 
aircraft exhaust fumes is a much more 
recent phenomenon; this may be the cause. 

FRANK Pvoorr 
Navigation Cottage, Willoughby, 
Rugby, Warwickshire CV23 8AG, UK 
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A child's guide to Soviet science 


The openness with which the Soviet Vega project was conducted at the weekend is both a pointer to the 
nature of Soviet science and a sign of how fruitful collaboration might be extended. 


Moscow 
Wuarcan be learned about Soviet science 
in a mere five days in Moscow? Not much, 
of course. But the way in which the Vega 
project has been conducted in the past 
week, with quite astonishing frankness 
and friendliness, points to some important 
. questions about the nature of the enter- 
prise, and suggests some cheerful 
answers. The legend, in the West, that 
Soviet science is locked from sight of 
others behind a veil of paranoic secrecy is 
plainly, at best, a half truth. 
The Vega project is the creation of one 
man, 54-year-old Academician R.Z. Sag- 
deev, who has been director of the Soviet 


academy's Institute of Space Sciences 


since 1973. He is Russian in the energetic 

mould, small, wiry and with a wry tongue. 
Part-of the way through an account last 
week of how his laboratory has been simu- 
lating the effects of dust particles on metal 
targets, he could not suppress a reference 
to “other people’s” interest in accelerating 
particles to high velocities “for other pur- 
poses”. Last November, Sagdeev was the 
only scientist among the party of Soviet 
advisers at the Geneva summit. 

The origins of the Vega project are in- 
teresting in themselves. Several people 
claim part of the credit. The Vega laun- 
chings were originally scheduled chiefly as 
vehicles. for a collaborative experiment 
with the French for the exploration of the 
atmosphere of Venus by means of bal- 
loons. In the event, it seems to have fallen 


2 ‘ato the then director of science at the Euro- 


‘pean Space Agency (ESA), at a three- 
hour meeting at Moscow airport, to per- 
suade Sagdeev “to fly to Halley as well”. 

The project has been thoroughly inter- 
national, with no trace of chauvinism. 
Collaborators from elsewhere have been 
invited on the basis that their instruments 
have a valuable contribution to make. 
J.A. Simpson, from the University of Chi- 
cago, for example, says that his instru- 
ment (which records dust particles penet- 
rating an electrically anisotropic dielectric 
between two metal foils by means of the 
nanosecond voltage pulses they generate) 
is on board because a Soviet scientist 
heard him describe the instrument at a 
meeting; the invitation to Vega followed 
quickly, and was irresistible. 

Other collaborators speak warmly of 
the informality of the collaboration. Dr 
Jochen Kissel from Heidelberg, whose 
dust detector is a mass spectrometer of 
novel design, says that Sagdeev's institute 
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has been easier to deal with than the US 
Aeronautics and Space Administration 
(NASA) and even ESA, both of which 
require more paperwork. This is especial- 
ly interesting because relations between 
the Soviet and West German governments 
do not officially exist (although there is an 
agreement on scientific collaboration be- 
tween the Soviet academy and its West 
German counterpart, the Deutsche Fors- 
chungsgemeinschaft), which is why the 
collaboration has had to be laundered 
through France. 

Kissel also says that the Soviets have 
been more daring than other agencies 
would have been in their willingness to fly 
instruments not previously used. This ap- 
plies both to his present instrument and to 
that on which he is collaborating with Sag- 
deev’s institute to produce a chemical 
analysis of the surface of the martian satel- 
lite Phobos by firing a powerful laser at the 
surface and collecting samples of the plas- 
ma thus generated, all this in the few mi- 
nutes during which the instrument will be 
near the satellite, ideaily a few metres up. 

Not all Soviet institutes have this repu- 
tation for daring, of course. Part of the 
explanation at Sagdeev's institute is Sag- 
deev himself; his colleagues say that he 
has made a tremendous difference to the 
spirit of the place, especially by the re- 
cruitment of able scientists from else- 
where. (Even so, people say, there re- 
mains some of the dead wood that is the 
bane of the Soviet research system.) 
Another is the literal nature of the Soviet 
regard for the material world, of which 
science is a description; if there are good 
theoretical reasons for supposing that 
some phenomenon should occur, what 
reason can there be for behaving as if it 
will not? The Soviet educational system 
may also help; the way that the better 
university students spend two or three 
years at an institute before their first de- 
gree, often in the expectation of staying 
on, while frequently the reason for the 
accumulation of dead wood, can be in the 
hands of a daring director a way of finding 
firebrands. 

Sagdeev's successful pursuit of interna- 
tional collaboration seems also to be an 
illustration of the independence that the 
director of a Soviet institute can enjoy. I 
have no means of knowing what the 
chauvinistic pressures may be, although 
the Soviet space programme has tradi- 
tionally made a point of involving others 
through its “Interkosmos” programme. 


















































So too has the US programme in its tim 
But the West is now mostly in the co 
sharing mode; collaborators pay th 
share of the overheads as well às th 
direct costs. Sagdeev has obviously 
able to make the most of Soviet readi iens 
to be flexible on these points. Other ing 
tute directors could no doubt follow sui 
they were so inclined. It will be interesting 
to see if Sagdeev's example rübs off. 
The other striking feature of the 
week has been the frankness wit 
the details of the Vega project have Бе 
displayed. Visiting dignitaries were at’ 
somewhat startled to find themselves c 
pected to discuss where collaboration 
should go next (solar-terrestrial. pi : 
seems to be the favourite) in the presence 
of journalists. Most experimenters tool 
well to the notion that they should provide 
virtually a kind of running commentary ss ов 
their data. 
The proceedings have been starkly in 
contrast with the way that even NAS 
handles these affairs. (The NASA offi 
who said in public that "even we ha 
something to learn" knew that he f 
blundered before the word “етеп” 
escaped his lips.) But this is not the fir 
time that the Soviets have started- 
West by frankness. In 1958, for examp) 
У.А. Kurchatov astounded а Britisha 
ence at the Atomic Energy Res 
Establishment at Harwell with a fü 
account of the Soviet thermonuclear pr. 
gramme, from which stemmed the st 
continuing international collaboratio 
that field. Kurchatov was succeeded as 
director of the Soviet establishment . 
Dubna by the even more outspoken A 
movich, himself a one-time colleague of 
Sagdeev. 
It is far from fanciful to think this 1i 
connection between people who know 
value of frankness is significant. Morea’ 
er, it is not necessary to suppose that the: 
has been a high-level decision by ¢ 
Soviet government that the scientific 
of the space programme should be mac 
"open". As the French have known | 
some time, it has always been more acces 
ble than it may have seemed. On this oc 
sion, Sagdeev's personal interest, and h 
success, seem to have been the mai 
springs of what appears to have been 
change (but which may be simply a 
of a neglected opportunity). 
obviously, is another example that other 
Soviet directors, and potential partners d 
the West, may follow. John Madi 


















































from R.G. Evans and M.H. Key 


А GROUP of researchers from Osaka Uni- 
versity and a compatriot at Bell Lab- 
“oratories have recently proposed a rather 
vel approach to controlled fusion 
Hasegawa, А. et al. Phys. Кей Lett. 56, 
39; 1986). They have sought to combine 
advantages (or perhaps the pessimists 
vould say, the disadvantages) of both 
aser-driven inertial confinement and 
арпейс confinement fusion, and their 
»proach makes use of the highly efficient 
O, laser. This type of laser has been in- 
I asingly dismissed as a fusion driver 
because of its long wavelength, as we 
‘recently discussed in these columns 
(Nature News and Views 313, 94; 1985). 
mpressed by the ease with which lasers 
duce megagauss magnetic fields when 
hey interact with solid targets (for an ex- 
ination, see Key, М.Н. Nature News 
and Views 276, 210; 1978), the authors 
k to harness these fields in much the 
same way as a conventional magnetic con- 
nement device such as a Tokamak. The 
agnetic field B in a Tokamak or mirror 


laser 


Schematic of Japanese hybrid laser-magnetic 
confinement target showing B, E, electron 
ajectory е” and current flow J. 


achine is limited not only by the electri- 
cal power needed to drive the magnets but 
also by the sheer material strength needed 
to contain the magnetic pressure, which is 
proportional to B°. As the contained plas- 
ma pressure cannot exceed the magnetic 
pressure, this limits the plasma density in a 
magnetic machine and requires that it con- 
s the plasma for a time of the order of 
second for an elficient fusion reaction. 

Much effort, particularly at the Los 
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Fusion turned inside out 


Alamos National Laboratory in the United 
States, has been devoted to devising a fu- 
sion scheme that makes use of CO, lasers, 
which have the necessary efficiency and 
energy capability for a fusion driver, but 
no satisfactory solution has yet been pro- 
posed. The present novel target design 
perhaps offers such a solution. 

The figure illustrates the principle in 
which a CO, laser is fired into a hollow 
target. The copious energetic electrons 
produced by the CO, laser form current 
loops (as shown) and produce magnetic 
fields of several megagauss which spread 
along the walls as electrons are driven out- 
ward by a force caused by perpendicular 
electric fields E and B (Forslund, D. W. & 
Brackbill, J.U. Phys. Rev. Lett. 48, 1614; 
1985). Both laser radiation and electron 
heat conduction inside the cavity ablate 
material from the inside walls and the rela- 
tively cold material flows towards the 
centre. Here the temperature is higher 
because of the laser heating and it is sug- 
gested that fusion temperatures (10— 100 
million degrees) could be produced. As 
the density can be quite high, perhaps 10” 
стг“, because of the enormous magnetic 
pressure (1 Mbar), the required confine- 
ment time is relatively small, 10°’ s. Cru- 
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cial to the success of the scheme is the 
requirement that the magnetic field per- 
sists for some time after the laser pulse, 
and that the central hot plasma is able to 
refuel itself by ablation of cold material 
from the inside walls. 

Unlike laser fusion there is no need 
to compress the fuel with the attendant 
problems of symmetry and fluid instab- 
ility. There might be magneto hydrodyna- 
mic instabilities in the magnetic field that 
is used to sustain a large temperature dif- 
ference between the reacting fuel and the 
walls, but the authors suggest that the sys- 
tem is stable against these effects because 
of its uniform total pressure. 

In support of their rather radical pro- 
posals the authors present results obtained 
with a modest CO, laser at Osaka Uni- 
versity. Using a 1.5-ns laser pulse focused 
inside hollow plastic spheres up to 3 mm 
in diameter they show that the hot plasma 
lifetime exceeded the duration of the laser 
pulse by up to 10 times. 

It is too early to assess the prospects of 
this approach to fusion, as many details of 
the scheme have not been analysed and 
experiments are at an early stage. But the 
work is indicative of substantial Japanese 
involvement in all branches of fusion re- 
search and shows their increasing commit- 
ment to this research at a time when the 
United States and Europe are reducing 
their fusion programmes. 


R.G. Evans and M. HK 
Appleton Laboratory, | Did 





are at the Rutherford 
ot OX11 0OX, UK. 
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Antigen binding and T cells 


from М.А. Mitchison 


LvMPHOCYTE recognition of antigens is a 
crucial feature of the immune response 
and occurs by means of receptor mole- 
cules. Although these receptors have fun- 
damentally the same structure on the two 
major types of lymphocytes they work in 
very different ways. B cells, which use 
immunoglobulin molecules as their recep- 
tors, can bind antigen without the in- 
tervention of other molecules. This is not 
the case for T cells which normally bind 
antigen only when it is associated with a 
glycoprotein encoded by the major histo- 
compatibility complex (MHC) on the sur- 
face of another cell. The evolutionary 
reasons for this ‘dual recognition’ are by 
now well understood. It provides a 
mechanism for ensuring that T cells come 
into action only when they touch another 
cell, which is important because they reg- 
ulate or kill other cells through cell-to-cell 
contacts or at short range, unlike B cells 
whose secretions act far off. Two papers in 
this issue, Watts, T.H. et al. (Nature 320, 
179; 1986) and Ashwell, J.O. & Schwartz, 





R.H. (Nature, 320, 176; 1986) take us a 
step forward in understanding how T cells 
recognize antigen. 

Any mechanism of this sort needs to be 
adjusted so that free antigen cannot block 
the T-cell receptor and MHC molecules 
do not activate on their own. Part of the 
adjustment seems to be pre-programmed 
in the receptor structure, but also selec- 
tion of suitable receptors occurs in the 
thymus — hence 'restriction', the ability 
of T cells to recognize antigen only in the 
context of the MHC molecules to which 
they were exposed in the thymus. 

Clearly an arrangement of two entirely 
separate receptors would have difficulty in 
meeting these requirements and would in 
any case be incompatible with current 
knowledge of receptor molecular gene- 
tics, so other possibilities have been can- 
vassed. The simplest is a termolecular 
complex, in which receptor, MHC mole- 
cule and antigen all interact with one 
another. It would still seem difficult to 
adjust the affinities so as to prevent 
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bimolecular binding of receptor to antigen 
or MHC molecule (remember that we are 
dealing not with single molecules in solu- 


22 tion, but with membrane-bound arrays in 


which high avidity could easily build up). 
So a good gttess is that binding of two of 
the molecules may induce a confor- 
mational change that permits binding of 
the other to take place. 

The answers may come from experi- 
ments in which these molecules are freed 
of their membrane-binding domains by 
genetic engineering and allowed to in- 
teract in solution, as several groups are 
currently trying to do. Watts et al. use 
fluorescence to study energy transfer from 
a peptide antigen to an MHC molecule in 
an artificial lipid membrane, and find that 
the two bind together only in the presence 
of specific T cells. Ashwell and Schwartz 
use less direct methods to address a similar 
problem. In previous experiments, by 
reading out activation of T-cell clones, 
they have been able to measure indepen- 
dently the potency of antigen - MHC com- 
binations (from the concentration of anti- 
gen needed) and avidity for a receptor 
(from the ability of cells bearing the recep- 
tor.to compete with one another). In the 
present study they show that switching an 
MHC molecule can change potency with- 
out affecting the avidity, and attribute this 
to a change in the strength of binding be- 
tween MHC molecule and antigen. Cer- 
tainly no other interpretation seems at all 
obvious. 

Does the fluorescence signalling result 
contradict either this interpretation of 
potency/avidity or the earlier claim of 
Babbitt er al. (Nature 317, 359; 1985) to 
have demonstated direct binding of anti- 
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gen by MHC molecules? As Schwartz 
himself pointed out in these columns (Na- 
ture News and Views 317, 284; 1985), the 
observed affinity did seem rather high, 
and it would be hard to reconcile such a 
value with the failure of MHC molecules 
to bind antigen in the absence of T cells as 
observed here. The direct binding experi- 
ment needs to be repeated in a criss-cross, 
using two MHC molecules predicted to 
bind two peptides reciprocally. On the 
other hand the new pieces of evidence do 
not contradict one another, because the 
MHC-antigen binding postulated to 
account for the potency change could well 
be small enough to have been missed by 
fluorescence signalling; and as the signals 
showed that MHC molecules and antigen 
ended up in tight proximity, they support 
the possibility of some degree of specific 
binding. 

The outcome is to have strengthened 
the evidence of direct binding between 
antigen and MHC molecule. This in turn 
will strengthen the belief that immune re- 
sponse (and immune suppression) effects 
of MHC genes can result from such bind- 
ing, and hence that this is what controls 
disease susceptibility in human and animal 
populations. But it should be emphasized 
that a very strong case can also be made 
for other forms of immune response con- 
trol by MHC molecules, for example, 
through self-tolerance peturbing the T- 
cell repertoire (Müllbacher, A. er ai. J. 
exp. Med. 157, 1324; 1983), and that the 
forms of control are likely therefore to be 
multiple. a 





N.A. Mitchison is Professor of Zoology at Uni- 
versity College, Gower St, London WCIE 6BT, 
UK. 





Palaeoceanography 


Biomarkers for ancient climates 


from Erwin Suess 


ENVIRONMENTAL conditions of growth, 
particularly ocean temperature; are faith- 
fully recorded by the coccolithophorids — 
widely distributed marine phytoplankton. 
The record lies in the relative abundance 
of long-chain alkenones — complex orga- 
nic molecules of the lipid bilayer which 
control the fluidity of cell membranes and 
thus respond to temperature stress. Else- 
where in this issue (Nature 320, 129; 
1986), S.C. Brassell and colleagues report 
that the chemical unsaturation of alke- 
nones (the ratio of more saturated to less 
saturated ketone molecules among the 
isomers of C. alkenones, here called the 
Us, index) in contemporary marine sedi- 
ments varies directly with the present-day 
temperature of the ocean surface over the 
sites from which sediments and some 
suspended-matter samples were col- 
lected. These samples span wide latitudes 








on both sides of the equator and bracket 
most of the global spectrum of sea-surface 
temperatures (see figure). 

The authors show that the abundance of 
these molecular marker compounds in 
ancient sediments of the tropical Atlantic 
Ocean also varies with the expected 
ancient ocean climate. Glacial to inter- 
glacial fluctuations in climate, recorded by 
global oxygen isotope variations in cal- 
careous shells of near-surface dwelling 
foraminifers, correspond to synchronous 
changes in C, alkenone unsaturation in- 
dices. Such clear correlation provides a 
powerful new stratigraphic tool even in 
conditions where the temperature calibra- 
tion is more tricky. 

In the new approach, there are certain 
similarites to conventional oxygen- 
isotope stratigraphy. Using the latter, 
5"O of foraminifers was thought at first 





















to be sensitive mainly to temperature. b 
it later turned out to be a stratigtar 
parameter recording a mixed signi 
temperature and ocean volume ch 
The new report raises the intriuging p 
pect that a combination of the С, alk 
one unsaturation index with 50 d 
will eventually allow the portion of 
oxygen-isotope signal caused by temp 
ture to be separated from that rela 
ocean volume change. " 
As with «nost novel approaches; ty 
lar stratigraphy also faces old pro 
The deteriorating correlation betwee 
indices and oxygen-isotope signals bef 
270,000 years ago, plus the lack of a 
ment in sediments more than 550, 
years old, provide clear evidence ih 
conditions in the contemporary an 
ancient oceans are not analogous, ©) 
may surmise that a change in source 
organisms occurred at these times arid t 
alkenone undersaturation may not be у 
thesized to the same degree by differe! 
species under the same environm 
conditions. This hinders accurate te 
erature calibration more than stratigray 
ic correlation. =: 
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Alkenone unsaturation index for contempors 
marine sediments and some sediment trap i 
terial from different latitudes. The distrib 
envelope corresponds to the pattern of global sca 
surface temperature. Unsaturation index, 1/6 

[Сз ЈС. + Cosa], where Cy, denotes the fotat 
number of carbon atoms and :2 and :3 the nümiber | 
of double bonds per molecule. The greater: 
proportion of Съз: molecules, the higher tlie 
saturation index that corresponds to higher water 
temperatures. О, Sediments; € sediment traps. 


The search for palaeoceanograpt 
biomarkers — in the sense that earth 
entists use index fossils, assemblage 
ecological data of organic skeleton: 
appears to equal in difficulty that. 
finding needles in a haystack. There are. 
almost infinite number of known and u 
known natural organic compounds 
are potential biomarkers and whi 
to be explored and catalogued. Often th 
occur in minute quantities in sedim 
overwhelmed by other more abund 
compounds that are of less diagno 
value. Recently, improved anal 
techniques using computerized capil 
gas chromatography And mass spe 














trometry have greatly improved ih 























































hances of finding organic compounds di- 
gnostic for either particular organisms or 
‘Specific environmental conditions of 
growth (Mackenzie, A.S. et al. Science 
217, 491; 1982). 
Evaluating the sources of biomarkers, 
eir physiological functions in key organ- 
ms.and their chemical stability over 
ecological time will be major tests for the 
iccess of organic molecular stratigraphy. 
etailed surveys bf organisms are only 
ne step towards the identification of 
urces. For example, dinoflagellate algae 
ntain a unique sterol molecule, dino- 
sterol, which also survives burial (Boon, 
J: etal. Nature 277, 125; 1979). These 
marine algae attain peculiarly high blooms 
nder particular oceanographic condi- 
ons during coastal upwelling. Dinosterol 
arks the presence of algal residues in 
arine sediments that might otherwise be 
void of fossils. Similarly, proteins of cal- 
careous and siliceous marine plankton 
contain diagnostic assemblages of amino 
acids (Mueller, P.J., Suess, E. & Ungerer, 
C.A. Deep-Sea Res. in the press). Acidic 
nino acids dominate the proteins that 
rete calcareous skeletons; basic amino 
s dominate those secreting siliceous 
etons. Again, such organic com- 
ds are the imprint of the biosphere in 
emporary sediments. 
A third type of organic molecular mar- 
t consists of those compounds diagnos- 
tic. for. certain environmental conditions 
such as temperature or pressure (deLong, 
;F. & Yayanos, A.A. Science 228, 1101; 
1985). Organisms which adapt their cellu- 
composition of phospholipids to 
perature changes have long been 
own to biologists. Such organisms in- 
ase the proportion of unsaturated fatty 
ids, which have lower melting points 
d greater molecular flexibility than 
rated isomers at lower temperatures. 
ете is much effort now being made to 
ntify the saturation indices of fatty 
ds of cell membrane phospholipids in 
marine microorganisms and benthic macro- 
nisms. The giant benthic communi- 
t hydrothermal vents, which thrive at 
tacularly high temperatures, are 
targets for this research. 
isa problem in the poor chemical 
y of amino acids and these lipid 
ounds. Their usefulness as biomar- 
(ers is restricted largely to young sėdi- 
nts. More complex and larger molecu- 
“Structures appear more resistant to 
degradation and physico-chemical dia- 
enesis, and thus have greater potential 
tr survival in the geological record. The 
uccess of Brassel et al. in studying bio- 
arkers lies in resolving the complexity 
and diversity of the large organic molecu- 
ar structures. 
ЗА collaborative effort is now needed to 
nderstand the mechanism of stabilization 
ff biomarkers in fhe geological record to 
exploit them fully, in particular if dissolu- 
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tion has severely decimated the conven- 
tional skeletal carriers of palaeoceanog- 
raphic information in sediments, as in the 
vast red clay deposits of the central Pacific 
Ocean, which contain few or no microfos- 
sils. Fortunately, complex organic mole- 
cules may be stabilized and survive di- 
agenesis by sorption to clays. It is of high 
priority to intensify the search for biomar- 
kers in those sediments which are devoid 
of microfossils. Encouraged by the 





new results of Brassel ег al., such efforts 
could unlock imprints of the past bio- 
sphere and environmental conditions of 
growth that are normally hidden from 
palaeoceanographic interpretation. a 





Erwin Suess is visiting the Geological Institute, 
University of Kiel, 3300 Kiel, FRG, and is 
permanently at the College of Oceanography, 
Oregon State University, Corvallis, Oregon 
97331, USA. 





Behaviour rhythms 





A Drosophila ‘clock’ protein? 


from John Merriam 


Тноѕе of us who have experienced jet lag 
are aware that biological rhythms, includ- 
ing daily, or 'circadian', rhythms affect 
our behaviour. There are thus commercial 
as well as academic benefits to be gained 
from understanding the biology of clocks 
and the gene products that are essential 
for their activity. One such gene, the 
period (per) locus of the fruitfly Drosophi- 
la, has been extensively studied, most re- 
cently by molecular cloning’. Now Jack- 
son etal. on page 185 of this issue’ describe 
this potential clock gene, whose sequence 
predicts the amino-acid sequence of an 
unexpected protein which seems to be a 
proteoglycan. This is the first biochemical 
step in the identification of the biological 
clock, and helps to clarify a previously 
confused field. 

Discovery of the per locus was one of 
the more remarkable sagas in applying 
genetics to biology’. The first three 
‘rhythm’ mutants discovered were all 
alleles of the per locus, although they exhi- 
bited different phenotypes. The per- 
bearing flies have a long period rhythm, 
per flies a short period and per’ flies no 
circadian rhythm. Thus, in one step both 
the existence and the non-essential nature 
of an endogenous clock, as opposed to 
externally generated behaviour rhythms, 
was demonstrated. The per length 
mutants also affect the ability of flies to 
reset their clocks. These aspects of the per 
locus suggest that its gene product is close 
to, perhaps part of, the clock mechanism. 

The location of the per gene mutants on 
the Drosophila X chromosome was estab- 
lished by standard recombination and cyto- 
genetic techniques to be at the salivary 
chromosome bands 3B1-2 (see figure). By 
coincidence this also happens to be one of 
the most heavily studied genetic regions in 
the species: several chromosome dele- 
tions (termed deficiencies, or Df) which 
remove this region also remove the nor- 
mal per function. Among the most useful 
per -deleted chromosomes are two that 
overlap only around the per gene. Female 





heterozygotes with Df(1)62d18 on one X 
chromosome and Dfí1)64j4 on the other 


are viable, although per’ in phenotype. 
The overlapping endpoints of the two de- 
letions are markers of the left and right 
sides of the chromosome region responsi- 
ble for the per function activity. 

Another chromosome rearrangement 
with a breakpoint at 3B1-2, the transloca- 
tion JC43, causes flies to exhibit an abnor- 
mal circadian rhythm which has a long 
period. This is consistent with the break 
causing a weak or ‘hypomorphic’ mutant 
allele, and thus represents another 
molecular marker of the per gene. Be- 
cause the JC43 translocation separates the 
X chromosomes into a left and a right 
part, the residual per activity can be map- 
ped and is shown to be carried by the left 
fragment. 

Working independently, groups at 
Rockefeller‘ and at Brandeis’ universitites 
cloned chromosome bands 3В1-2 and 
identified these left and right deficiency 
endpoints. They turn out to be separated 
by about 15 kilobases (kb); therefore the 
per gene is thought to be located within 
this region of sequence — but where? The 
JC43 break divides the 15 kb into a left 
(per-L) and a right region (per-R). Several 
transcript-coding regions are found within 
these regions. Most attention has focused 
on a 4.5-kb head-specific transcript origi- 
nating largely from per-L, but Reddy er 
al.* have also identified a 1-kb transcript 
from the same region of per-L and a 0.9-kb 
transcript originating just to the right of 
the HindIII restriction site in per-R. (Res- 
triction enzymes such as HindIII are used 
to cut DNA into fragments at specific re- 
gions of the sequence, as shown in the 
figure.) This last transcript is novel in that 
its abundance shows rhythmic behaviour 
and is reduced in the per? mutants. 

The simplest assumption is that the 4.5- 
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The salivary chromosome 
bands 3B1-2 (top of 
figure) contains break- 
points for deleted (Df) 
and translocated chromo- 
somes (JC43)*Location of 
these breakpoints on the 


restriction map (middle) IE 


of about 15 kb of cloned "E 
DNA from this region ---~ 
permits the identification E Bn 
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of restriction fragments > IC 
and a transcript (bottom) 
thought to represent the 
per gene product. R, 
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kb transcript (or the 1-kb transcript) alone 
represent the per gene product. What that 
does not explain is why per-L (JC43 left 
fragment) does not restore completely 
normal circadian behaviour, or indeed 
why the adjacent 0.9-kb transcript nor- 
mally shows rhythmic behaviour. One sce- 
nario advanced by the Brandeis group is 
that the 0.9-kb transcript is also part of the 
clock. In this view both the 4.6- and 0.9-kb 
transcripts are necessary for normal 
clock activity. 

DNA transformation experiments with 
cloned portions of the 15-kb interval have 
not completely settled this issue. In one 
case a 7.1-kb HindIII fragment, largely 
originating from per-L (see figure), when 
transformed, restored weak long-period 
activity“. In another case an 8.0-kb EcoRI 
fragment also restored weak long-period 
activity but a 9.0-kb BamH fragment from 
per-L did not restore any rhythmic 
behaviour'. The inability of any of these 
fragments completely to restore wild-type 
activity could mean either that the per 
gene is complex and includes several com- 
ponents or that none of these fragments, 
including the per-L region of JC43, com- 
pletely encodes a rather long transcript. 

On the basis of transcript mapping and 
DNA sequencing of the more than 7,000 
bases in this interval it now appears that 
the latter alternative is more likely. Start- 
ing with a complementary DNA clone 
hybridizing to the 1.5-kb ВатН/Ніпаш 
interval of per-L, Jackson et al.? succeeded 
in placing the transcript map onto the 
DNA restriction map. The transcript they 
describe includes eight exons originating 
over a slightly longer region than the 7.1- 
kb HindIII fragment previously used in 
transformation. The sequence is consis- 
tent with a single open reading frame with 
an AUG start codon in exon 2and a UGA 
stop codon in exon 8. Of significance is the 
finding that none of the fragments used in 
transformation, or the per-L region of 
JC43, could be expected to encode a com- 
pletely normal full-length transcript. For 
example, the JC43 breakpoint, thought to 
fall about 170 base pairs upstream of the 
poly(A) addition site, is within the 502 
base pairs forming the downstream un- 


translated part of the messenger RNA. 
This strengthens the view that the 4.5-kb 
transcript alone forms the per gene. With 
this knowledge we can expect that trans- 
formation with a suitably longer fragment 
will completely restore wild-type rhythms. 
Understanding of the DNA alterations 
associated with the per’, per and per’ 
mutations, which should soon be forth- 
coming, will further pinpoint the gene. 
But none of this explains the behaviour or 
the role of the 0.9-kb transcript. 





The predicted translation product of the 
open reading frame determined from the 








per-L DNA sequence is a polypeptide of 
1,127 amino acids. The amino-acid com- 
position is somewhat unusual in that near- 
ly half (47 per cent) comprises the amino 
acids serine, threonine, glycine, alanine 
and proline. Polyglycine and polyalanine 
repeats of up to 17 residues long are found 
at several positions. The putative per pro- 
tein includes a potential site for phos- 
phorylation by a cyclic AMP-dependent 
protein kinase. The antino-acid sequence 
at this siteis homologous with the phos- 
phorylation site in the calcium regulatory 
protein troponin I isolated from rat skel- 
etal muscle. Other homologies with se- 
quences found in the Dayhoff and Doolittle 
databases include the core protein of a rat 
chondroitin sulphate proteoglycan. pre- 
dominantly in the alternating Ser-Gly re- 
sidue series. These series, and the Thr-Gly 
repeats, may serve as sites for glycosyla- 
tion. Nobody has speculated on the role of 
glycosylation sites in clock function, but 
site-directed mutagenesis techniques that 
alter the numbers or locations of these 
sites should permit the experimental test 


of their significance. ca 
John Merriam is Associate Professor of Gene- 
tics in the Biology Department, University of 
California, Los Angeles, California 90024, 
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Visual cortex 


Cholinergic input and plasticity? 


from A.M. Sillito 


THERE is a growing controversy in de- 
velopmental neurobiology centred on the 
role of noradrenaline in the plasticity of 
the visual cortex of young mammals. One 
group maintains that depletion of nor- 
adrenaline results in a loss of plasticity, 
which can be restored by microperfusion 
(see refs 1,2), while others claim that there 
is no correlation between cortical norad- 
renaline levels and the presence or abs- 
ence of plasticity in early іѓе?-°, Now, on 
page 172 of this issue’, Mark Bear and 
Wolf Singer offer at least a partial resolu- 
tion to the controversy. 

In the so-called ‘critical period’ during 
the first three months of life, the visual 
cortex of cat or monkey shows a remark- 
able capability to reorganize its patterns of 
functional connectivity. The experimental 
model generally used to demonstrate 
this is that of monocular deprivation. 
Although both eyes normally influence an 
equal proportion of cells in the visual cor- 
tex, monocular deprivation (produced by 
suturing closed the lids of one eye) in the 
critical period results in an almost com- 
plete takeover of the visual cortex by the 





non-deprived eye’~’, concomitant with a 
corresponding loss in the capability of the 
deprived eye to drive cortical cells. These 
processes involve a major change in the 





cortical distribution of the thalamic fibres 
that relay the inputs from the eyes and 
occurs only within the critical period. 
Even a few days of monocular deprivation 
can precipitate a major change in cortical 
organization’, whereas in the mature 
animal extended periods of deprivation 
over many months have no effect. The 
relatively sharp transition in the capability 
of the cortex to reorganize its patterns of 
connectivity has provoked considerable 
interest. 

The involvement of noradrenaline was 
suggested by the imaginative experiments 
of Kasamatsu and Pettigrew ^. who used 
6-hydroxydopamine (6-OHD A), а neuro- 
toxin that is apparently selective for 
catecholaminergic terminals. to deplete 
cortical noradrenaline levels either by 
intraventricular injection or direct 
microperfusion of the cortex. Both pro- 
cedures were found to block plasticity 
within the critical period — that is. 
monocular deprivation apparently fails to 
cause any redistribution of the pattern of 
influence of the two eyes over the popula- 
tion of visual cortical cells studied Subse- 
quent microperfusion-with noradrenaline 
was reported to render the cortex again 
susceptible to monoctlar deprivation. 
These data broadly support the view that 
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the noradrenergic input to the cortex ex- 


' erts an important control over plasticity. 


There is general agreement that micro- 
perfusion of the visual cortex with 6-OHDA 
blocks plasticity in the critical period". 
But if cortical noradrenaline levels are de- 
pleted to comparable levels by any one of 
a range of other procedures, plasticity is 
unaffected. These include neonatal injec- 
tion of 6-OHDA; electrolyte or 6-OHDA 
lesions to the dorsal noradrenergic bundle 
carrying fibres from the locus «oeruleus; 
and intraventricular injection of another 
neurotoxin, DSP-4, also with fairly selec- 
tive effects on noradrenergic fibres**”. 
Furthermore it now seems difficult to pro- 
duce a convincing loss of plasticity by in- 
traventricular injection of 6-OHDA. 
Taken together, these data make it hard to 
maintain the view that the noradrenergic 
input to the cortex is responsible for plas- 
ticity, but the data of Kasamatsu and col- 
leagues are difficult to explain if the case 
for noradrenaline is dismissed”. 

The new report by Bear and Singer 
confirms that lesions affecting the norad- 
renergic input to the visual cortex have no 
effect on plasticity, but that there is a loss 
of plasticity when the noradrenergic les- 
ions are paired with lesions to the cholin- 
ergic input. The authors also show that 
6-OHDA apparently blocks the facilita- 
tory effects of the neurotransmitteracetyl- 
choline on the visual responses of cortical 
cells, which implies that 6- OHDA is effec- 
tive because it causes both a depletion of 
noradrenaline and blocks the action of the 
cholinergic input. (Destruction of the cho- 
linergic input alone does not block the 
plasticity.) 

How does the new evidence relate to 
plasticity within the critica] period? The 
visual cortex receives a series of non- 
specific modulatory inputs, most notably 
the noradrenergic input from the locus 
coeruleus, a cholinergic input from the 
magnocellular nuclei of the basal fore- 
brain and a serotonergic input from the 
raphe nuclei. In the normal adult cortex 
these inputs influence potassium chan- 
nels, cyclic AMP, cortical metabolism and 
possibly blood Шоу”, It is not easy to 
determine which of these effects in the 
adult cortex are relevant to plasticity in 
the critical period of young mammals. The 
most parsimonious explanation is that any 
procedure that severely disrupts the nor- 
mal functioning of the cortex will block 
the processes underlying plasticity. In sup- 
port of this view, it is found that micro- 
perfusion of the cortex with glutamate 
(which probably disrupts cortical activity 
either by direct excitatory action on cortic- 
al cells or as a consequence of neurotoxin 
effects) also blocks plasticity". 

Thus, the debate still turns on one 
group of observations indicating that plas- 
ticity can be partially restored by micro- 
perfusion with noradrenaline or electrical 
stimulation of the locus coeruleus’”. If, as 
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Bear and Singer indicate, plasticity is dis- 
rupted'only when both the cholinergic and 
the noradrenergic inputs to the cortex are 
blocked, it seems that either of these in- 
puts can compensate for the loss of the 
other and that future efforts should be 
directed to some process that is influenced 
by both inputs. 

There is evidence that both acetylcho- 
line and noradrenaline can enhance the 
responsiveness of cortical cells to an 
excitatory input by inhibiting the pot- 
assium currents that underly the after- 
hyperpolarization built up during a burst 
of action potentials'*^?. Acetylcholine 
seems to affect both a slow voltage- 
dependent potassium channel, as recently 
discussed in these columns", and a slow 
calcium-activated potassium channel, 
whereas noradrenaline seems only to 
affect the calcium-activated channel. If 
the potassium-channel effects are impor- 
tant, one implication is that they raise the 
excitatory response to a given visual input 
above some critical threshold required for 
plasticity to occur. But acetylcholine ex- 
erts a much more potent and widespread 
facilitation of stimulus-driven responses in 
the visual cortex than noradrenaline, 
hence the cholinergic system should be 
more important to plasticity than the 
noradrenergic. The data of Bear and Sin- 
ger do not suggest that damage to the cho- 
linergic system has a significantly greater 
effect than the noradrenergic, so the ac- 
tion on potassium channels in unlikely to 
be the critical factor. Nonetheless it would 
be interesting to ascertain whether micro- 
perfusion experiments, with the aim to 
enhance or mimic the cholinergic influ- 
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ence, would restore plasticity in the way 
that is claimed for noradrenaline. 

The potential role of the serotonergic 
input should not be neglected" — any two 
of the modulatory influences may be able 
to sustain the conditions necessary for 
plasticity in the critical period. One might 
infer that the critical period is disting- 
uished either by a heightened sensitivity of 
cortical processes (or some element of 
these) to the modulatory inputs or by a 
heightened output from these inputs. At 
present there is a notable lack of evidence 
for either possibility and therefore an 
urgent need for further corroboration of the 
conditions that can restore plasticity. O 
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African pre-history 


Life in the Lake Victoria basin 


from David W. Phillipson 


Tue East African interlacustrine region, 
in particular the western part, has occu- 
pied a key position in Africa's later prehis- 
tory. Here, at the headwaters of the White 
Nile are well-watered plains, 1,000—1,500 m 
above sea level, which support a dense 
human population practising, in the re- 
cent past, various traditional lifestyles. 
Today, the greater part of the area con- 
sists of savannah with patches of dense 
forest which, even within living memory, 
were more extensive than at present. Be- 
fore human interference, this would have 
been the natural vegetation over the grea- 
ter part of the region'. Recent research, 
reported on page 164 of this issue’, indi- 
cates that the process of forest clearance 
began earlier than previously thought, ex- 
tending back over some five millennia. 
Further, it appears that preparation of 
land for cultivation was the prime cause of 
forest clearance, initially in the valleys, 





which were clear by about 2,200 years ago 
(2,200 вр), and subsequently at progres- 
sively higher altitudes. 

The interlacustrine region (see map) is a 
contact zone between diverse African 
agricultural traditions. Cereals are culti- 
vated, notably the millets, including sor- 
ghum. But in much of the relatively low- 
lying country north and west of Lake Vic- 
toria, bananas are the staple food, accom- 
panied by other vegetatively propagated 
food-plants, notably yams and sweet pota- 
toes. These food crops arise from four 
distinct origins. The millets are indigenous 
African cereal crops which appear to have 
been brought under cultivation in what is 
now the Sahel or, in the case of finger 
millet (Eleusine coracana), in an area cen- 
tred on Ethiopia and perhaps extending 
into northern Uganda’. Bananas, which 
grow at altitudes below 1,950 m, are 
generally believed to be of trans-Indian 


x 
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The East African interlacustrine region bounded in the 
west by the Ruenzori mountains and equatorial forest. 
Scale bar, 300 km; shaded area, land over 1,500 m. 


Ocean origin, introduced via the East 
African coast sometime in the first millen- 
nium ар. The yams and sweet potatoes 
are diverse, including not only African 
species of Dioscorea which may have been 
the first cultivated on the West African 
forest fringes, but also those of New 
World and trans-Indian Ocean origin. 

Cattle occupy an important place in the 
traditional lifestyle of many of the region's 
inhabitants where this is not precluded by 
tsetse-fly infestation. Herding is a savan- 
nah activity that may be assumed to have 
begun following forest clearance. 

Although the beginning of cultivation in 
the region may have been the reason for 
the onset of substantial clearance of the 
native forest, today the main reasons are 
the quest for firewood and the production 
of charcoal. Charcoal production may, 
however, have been a more significant 
early factor than is commonly realized, as 
recent archaeological investigations’ have 
revealed that this area, including the west- 
ern Lake Victoria shore, saw the emerg- 
ence of a sophisticated iron-smelting tech- 
nology (2,500—2,000 вр) — the earliest іп 
sub-equatorial Africa. Experimental re- 
constructions of the prehistoric smelting 
process! have confirmed the substantial 
amounts of hardwood charcoal that were 
used; the long-term effect on forest cover 
is thus clear. 

Archaeological investigations do not 
yet reveal a comprehensive picture of hu- 
man settlement in this region throughout 
the Holocene. At Ishango on the western 
(Zaire) shore of Lake Edward, a special- 
ized harpoon-fishing settlement has been 
dated to probably 11,000—6,000 вр. Else- 
where, presumed hunter- gatherers main- 
tained a mainly microlithic technology. 
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Although the herding of 
domestic animals and possible 
plant cultivation had begun in 
the Lake Turkana basin of 
northern. Kenya by approx- 
imately 4,500 sp’, and in the 
Rift Valley and adjacent high- 
lands further to the south by ab- 
out 3,000 в", there is no direct 
evidence that farming and 
pottery-making peoples were 
established west of Lake Victor- 
ia at this time. The earliest form 
of pottery recognized in the lat- 
ter area is called Kansyore 
ware, named after an island site 
in the Kagera River, which was 
being made by about 2,500 sp’. 
It is associated with chipped 
stone stools rather than with 
iron, but the mode of subsist- 
ance of its makers remains un- 
known. The people who inha- 
bited the sites where Kansyore 
ware has been found are a prime 
focus for future archaeological 
research in the Lake Victoria 
region. 

By about 2,500-2,000 вр a distinct pot- 
tery tradition was widespread in the re- 
gion, its northernmost occurrence being 
near Kabelega (Murchison) Falls. The 
tradition as a whole has been named after 
a site at Urewe in south-western Kenya, 
but several local sub-styles may be 
recognized". There may have been some 
chronological overlap between the pro- 
duction of Kansyore and Urewe pottery, 
but at Gogo Falls east of Lake Victoria an 
Urewe deposit is stratified over one which 
contains Kansyore ware". It is at sites of 
this period in Rwanda that there is the first 
clear local evidence for food production" 
— teeth of goats (or sheep) and seeds of 
sorghüm and finger millet. Urewe pottery 
is of particular interest in being associated 
with the smelting of metals, noted above. 
The Urewe settlement of the Lake Victor- 


ia region is generally seen as a source from 
which derived the metal-using. mixed- 
farming lifestyle adopted by about 1,900- 
1,600 вр over much of the southern half of 
the continent". This change to a food- 
producing economy is widely accepted as 
having accompanied the introduction of 
Bantu languages into southern Africa’. 

It was probably about 1.200 nr that à 
distinct roulette-decorated pottery type 
first appears in the archaeological record 
of the regien“; its connections are almost 
certainly with pastoral areas further to the 
north. It is more widespread than its pre- 
decessors, suggesting that more land was 
available for human settlement. The cere- 
al cultivation and iron-smelting of Urewe 
peoples would, as the palynological evi- 
dence confirms, have led to significant re- 
duction in the forest cover, permitting the 

; eventual growth of herds of cattle. It re- 
, mains for archaeology to demonstrate the 
human populations responsible for the 
earlier stages of forest clearance now sug- 


gested in the Lake Victoria region. а 
1. Hamilton, А. Vegetatio 29. 21 (1974) 
2. Hamilton, А, Taylor, D. & Vogel. J C. Nanee MO. 164 
(1986). 
3. Harlan, J.R . de Wet, JM) & Stem'er, ARL (eds) 
Origins of African Plant Domesticancn (Mouton, The 
Hague, 1976) 


- Schmidt, Р R. Tanzania Notes 4 Records 84-§. 77 ( ay) 

- Schmidt, Р.К in Proceedings of Pensfrean Congress of 
Prehistory & Quaternary Studies (eds Leakey, RE & 
Ogot, ВА) 335 (Leakey Memona! Insutyte, Мола, 
1980). 

. de Hainzelin.J. Les Fouilles d'[shango (russes, 1957) 

- Owen. К.В etal., Nature 298, 523 (19321 

. Ambrose, S H. in From Hunters to Ferners leds Clark. 
J.D. & Brandt, S.A ) 212 (Unn erst of California Pres, 
Berkeley, 1984). 

9. Soper, R.C & Golden, B Azama 4, 15 (0969) 

10. Van Noten. F Azama 14, 61 (1979) 

11. Collet, D.P & Robertshaw, P T Аст: 15. 13V (1930) 

12. Van Noten, F. Histoire Archtologique cu Rwanda (Musée 

Royal de l'Afrique Centrale, Tervuren 1983) 
13. Phillipson, D.W. African Archacotegy (Сөгіс Um. 
versity Press, 1985) 

14. Ehret, С & Posnansky, M (eds) Archatlolagitel and 

Linguistic Reconstruction of African Hizory (Unis ersily of 

California Press, Berkeley, 1982) 


лы 


Фо м о 





David W. Phillipson is Curator of the Unwersity 
Museum of Archaeology and Anthropology. 
Downing St, Cambridge, CB2 3D2. 


ge ee N 
100 years ago 





The La France above Paris. Facsimilie of an instantaneous p 
Observatory of Physical Astronomy, Meudon. 











hotograph exccuted at the 
From Nature 33 422, 4 March 1886. 





112 





Ecology 


NEWS AND VIEWS 


Carnivore dominance and 
herbivore coexistence in Africa 


from Jared M. Diamond 


Most concepts, of' temperate-zone eco- 
logy are derived from studies in Europe 
and North America, but are suah concepts 


really appropriàte to the temperate zone 


of southern Africa? This issue was de- 
bated at two meetings last year in South 
Africa: a symposium on competition and 
coexistence, held by the Zoological So- 
ciety of South Africa at Pietermaritzburg 
(23-25 July, 1985); and a workshop on 
terrestrial ecology at Houw Hoek orga- 
nized by the Foundation for Research De- 
velopment (1-3 August, 1985). Two stu- 
diés of large mammals discussed at these 
meetings illustrate some of the special 
problems of southern African-ecology. 
. The first-is an unintended natural ex- 
periment on а large scale (Hugh Berry, 
Etosha National Park: Madoqua 12, 242, 
255, 1981; 13 151, 1982). The gravel pits 
excavated i in Etosha during road construc- 
tion produced entirely unexpected large- 
scale changes in the mammal community 
of the plains. The trophic relationships 
and size structure of this community are 
outlined in a in the figure. As a result of 
the seemingly, modest disturbance there 
were crashes in the wildebeest and zebra 
populations; declines in cheetah, brown 
hyaena and eland; and increases in lions, 
spotted hyaenas, jackal and springbok. 
Berry reconstructed the causal sequ- 
ence of these changes as follows (6 in the 
figure): rainwatér standing in the alkaline 
gravel pits bécame a reservoir for anthrax 
bacteria, to. which wildebeest and zebra 
are especially susceptible; and the resulting 
abundance of sick or dead prey more than 
offset the effects of the decline in healthy 
prey, causing a population surge of the 
two dominant and largest species of 
carnivores/scavengers, the lion and the 
spotted hyaena, which are immiune to 
anthrax. The lions reduced the population 
of eland, which suffered little from 
anthrax but: are a favourite alternative 
prey. of lions. .The lions and spotted 
hyaenas competitively suppressed the 
next largest species of cat and hyaenid, the 
cheetah and brown hyaena, respectively. 
Relief from competing cheetahs and 
brown hyaenas, together with the abund- 





Corrigendum . 

The article by Jeremy Berg (Nature 319 264; 
1986), which discussed the repeated domains in 
the TFIIA protein described by Miller et al. 
(EMBO J. 4 1609; 1986), should have men- 
tioned that the repeating nature of the TFIIIA 
sequence has been independently noted by R.S 
Brown arid coworkers (Brown, R.S., Sander, 
C. & Argos, P. FEBS Lett. 186, 271; 1985). 


ance of carcasses, permitted the next- 
largest carnivore/scavenger, the black- 
backed jackal, to increase. Competitive 
release was also seen among herbivores — 
the wildebeest and zebra crashes permit- 
ted the smaller and more anthrax-resistant 
springbok (which also profited from the 
decline of cheetah, its major predator) to 
increase. 

Berry's work illustrates the unique in- 
sights that careful study of the natural en- 
vironment can yield. Ecologists will never 
be permitted to kill 25,000 wildebeest out 
of curiosity, but the same result produced 
by anthrax has illustrated how predation 
and competition control population sizes 
of mammals on the Etosha plains. 

The second study 
concerned species 
coexistence among 
Africa’s diverse large 
herbivorous mam- 
mals, which include 
78 species of bovids. 
Several species often 
feed right next to 


a 


Carnivore 


Herbivore 


each other and 
Richard Emslie (Uni- , 
versity | of Wit- 


watersrand) has ex- 
amined the niche spe- 
cializations that per- 
mit this coexistence 
among five large 
grazers in Umfolozi 
Game Reserve — 
white . rhinoceros, 
buffalo, zebra, wil- 
debeest and impala, 
adding a new level of detail to previous 
analyses. 

After individual animals had finished 
grazing, Emslie searched their feeding 
sites for freshly defoliated surfaces, 
measuring the vegetation available within 
а 0.25 ш? hoop and recording what had 
been eaten and how it had been eaten. 
Every plant in the hoop was examined and 
every tiller (the unit of a grass tuft) of the 
two key grass species Themeda trianda 
and Panicum coloratum was measured. 
He also monitored the availability of 
vegetation over an area of 33.25 km by 
measuring within each 25-hectare block. 
This yielded data on resource selection 
over a hierarchy of levels, ranging from 
25-hectare areas to parts of individual 
plants. 

At the coarsest level, buffalo selected 
areas (25 hectares) with a high biomass of 
tall grass, whereas the other four species 
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chose areas of shorter grass. In the short 
grass areas, impala selected feeding pat- 
ches dominated by P. coloratum, whereas 
wildebeest, often only a few metres away, 
sought patches with short T. triandra. 
Within feeding patches, the different spe- 
cies selected different tillers of the same 
grass species — the short erect tillers in the 
centre of P. coloratum plants grazed pre- 
ferentially by wildebeest and white rhino, 
with their lawnmower-like wide muzzle 
and lips, and the longer, more prostrate 
tillers at the edge of tufts were eaten by the 
narrower-muzzled zebra and impala. Buf- 
falo rejected tall T. triandra but selected 
medium-height tillers (40 — 75 cm), where- 
as wildebeest favoured short leafy tillers 
with no stem. Clearly, ecological studies 
that list only the specieseaten omit consid- 
erations that are important to grazers. 
Previous studies have revealed ecolo- 
gical differences among herbivores re- 
lated to their differing body sizes and 
digestive anatomies (Bell, R. in Animal 
Populations in Relation to Their Feeding 
Resources ed. Watson, A. p. 111; British 
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Ecological Society, 1970 and Jarman, P. 
Behaviour 48, 215; 1974). Big animals 
cannot afford to be as selective about food 
as their related smaller species. On one 
hand, the non-ruminant zebra processes 
large quantities of low-quality plant mat- 
ter quickly and inefficiently; on the other, 
ruminaats process smaller quantities of 
higher-quality matter more slowly and 
efficiently. Emslie's studies now empha- 
size the importance of differing mouth 
anatomy as well. It is these differences 
that give rise to the familiar African scene 
of diverse large herbivores grazing next to 
each other, apparently in contempt of 
Gause's competitive exclusion principle 
but actually exploiting habitat hetero- 
geneity at many scales. o 





Jared M. Diamond is Professor of Physiology at 
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AIDS therapy by blocking | by the activation of CD4* T cells, thereby 


CD4* cells 


Srr—In a recent News and Views article’, 
Klatzmanne and Montagnier discussed 
approaches to therapy of patients with 
acquired immune deficiency. syndrome 
(AIDS), including immunosuppressive 
drug therapy, and, in particular, the case 
in which AIDS patients were treated with 
the drug cyclosporin A*. Since AIDS re- 
sults in an immune-deficient state, most 
efforts to restore immune function have 
involved immune-enhancing therapy’. 
However, the rationale for immunosup- 
pressive drug therapy is that the develop- 
ment of AIDS involves a progression of 
immune disorders of which an early phase 
may be autoimmune’. 

We suggest an alternative therapeutic 
approach based on the observation in vitro 
that the virus associated with AIDS, 
HTLV-IH/LAV, is produced in activated 
but not resting T cells’. It seems logical to 
design therapy that would diminish the 
pool of CD4* cells with the potential to 
produce virus efficiently. This could be 
accomplished by treating patients as early 
as possible in the course of the syndrome's 
development with either monoclonal anti- 
CD4 or anti-class II HLA reagents, either 
of which would block the activation of 
CD4* Т cells. The administration of CD4- 
specific antibodies would have the added 
advantage of interfering with the binding 
of HTLV-III/LAV to the CD4* сеј]. 

The mechanism by which HTLV-II 
LAV causes the destruction of infected 
CD4* T cells is unknown. If the virus is 
directly cytopathic, addition of CD4- 
specific reagents should prevent further 
infection of healthy cells, while permitting 
the infected cells to be lysed. It is likely 
that at least part of the destruction of in- 
fected CD4* cells is due to cytotoxic T 
lymphocytes (CTL) that recognize 
HTLV-IIULAV antigenic determinants in 
association with self-HLA products and 
lyse infected cells*. In this case, treatment 
with antibodies that inhibit CD4* helper T 
cell function should block further help 
provided by anti-HTLV-II/LAV-specific 
helper cells, but should permit the lysis of 
infected targets by CTL effectors that 
have already been activated. 

From this perspective, it could be 
reasoned that immune-enhancing therapy 
such as administration of interleukin-2 
(IL-2) would activate CD4* celis and in- 
crease the number of T cells that would be 
susceptible to infection with the AIDS 
virus. Furthermore, since many HTLV- 
IIVLAV infected individuals do not ex- 
hibit symptoms’, it appears that cofactors 
such as other infectious agents’, drugs”, or 
HLA allogenic stimulation” contribute 
to the appearance of the syndrome. A 
common mechanism by which these va- 
rious potential cofactors could operate is 











increasing the HTLV-III/LAV target cell 
pool size. 

A therapeutic protocol that blocks 
CD4* T cell activation would probably 
limit the number of CD4* cells infected by 
HTLV-IH/LAV and subsequently de- 
stroyed. However, because these anti- 
bodies function to prevent activation of 
helper T cells, they would be likely to in- 
duce immune deficiency, but one that is 
reversible upon cessation of treatment. 
Thus, therapy that blocks CD4* T cell 
function differs from treatment with im- 
munosuppressive drugs (which can have 
severe side effects and can be difficult to 
control) in that it is readily reversible. If 
therapy that blocks CD4* T cells were to 
be attempted, it should be administered as 
early as possible in the development of 
AIDS, before depletion of CD4* T cells 
has occurred, and probably with agents 
that have anti-retroviral activity?" 

ALFRED SINGER 
GENE M. SHEARER 


. Immunology Branch, 


National Cancer Institute, 
Bethesda, Maryland 20892, USA 
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Serotherapy for AIDS and 
pre-AIDS syndrome 





Sm—Acquired immune deficiency syn-. 


drome (AIDS) and the related pre-AIDS 
syndrome continue to spread’ with as yet 
no effective treatment. Vaccines are a 
hope for the future, but it is generally 
acknowledged that vaccines are unlikely 
to prove useful in established AIDS. Re- 
cent suggestions of using methods of in- 
hibition of gene expression to treat AIDS 
are theoretically attractive but also some- 
what futuristic’. There is another and 
more immediate approach to treating 
these diseases. McDougal et al? and 
others (including our unpublished obser- 
vations) have shown that lymphadeno- 
pathy-associated virus/human T-lympho- 
tropic virus type III (LAV/HTLV-III) in- 
fected T cells and T cell lines established 
from AIDS patients express the inter- 
leukin-2 (IL-2) receptor. This membrane 
receptor is an ‘activation’ marker of mito- 
gen and antigen stimulated normal lym- 
phocytes. The virus LAV/HTLV-III caus- 
ing AIDS on gaining access to T lympho- 
cytes via their CD4 receptors’ remains 
within a protected intracellular environ- 
ment, avoiding the effects of neutralizing 
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antibodies. Such antibodies have been 
detected in the blood of AIDS and AIDS- 
risk patients**. Present indications are that 
such neutralizing antibodies seem not to 
influence the course of the disease. This is 
probably due to the privileged intracel- 
lular location of the virus mainly within 
the helper/inducer T lymphocytes. This is 
indicated in the experiments of Robert- 
Guroff et al.*, showihg that absorption 
with virusinfected and uninfected H9 cells 
do not substantially affect neutralizing 
antibody titres, in contrast to cell-free 
virus preparations. 

We suggest that the expression of the 
IL-2 receptor by the LAV/HTLV-III in- 
fected cells provides an extremely useful 
target (with a fairly high degree of tissue 
selectivity) for antibody-directed destruc- 
tion of such cells. A high affinity anti-IL-2 
receptor antibody (several monoclonals 
exist) selected from the appropriate spe- 
cies and of the appropriate isotype would 
be lytic-destructive for the LAV/HTLV- 
Ш infected target cells. The released virus 
would then be exposed to the neutralizing 
antibodies in blood. A good candidate for 
the anti-IL-2 receptor antibody would be a 
rat monoclonal of the IgG2b isotype. Such 
a monoclonal immunoglobulin with pre- 
defined specificity for membrane mole- 
cules of human and mouse T cells has 
already been shown in vivo and in vitro to 
be highly destructive to target lympho- 
cytes. The antibody activates the reci- 
pient's own serum complement and oper- 
ates in antibody-dependent cell cytotoxic- 
ity to give lysis of the targets". 

The AIDS and pre-AIDS patients’ sera 
may contain enough neutralizing antibody 
to be effective against the exposed virus 
following the lysis of IL-2 receptor bearing 
infected targets. Alternatively. passive 
anti-LAV/HTLV-III human antibodies 
could also be infused to boost the patient's 
own antibody. Passive anti-LA V/HTLV- 
III antibody for administration can be 
obtained from pooled AIDS sera by cthyl 
alcohol fractionation which inactivates the 
virus" without reducing antibody activity. 

The combined serotherapeutic ap- 
proach outlined above can now be put to 
the test using the recently developed in 
vitro model ѕуѕїетѕ”. Passive administra- 
tion of antibodies is a time proven method 
of therapy, and the side effects are well 
documented and amenable to prophylaxis 
and treatment. Ideally this form of therapy 
should be introduced early after the di- 
agnosis of AIDS and pre-AIDS syn- 
drome, and possibly for patients shown to 
be LAV/HTLV-III antibody positive, with 
or without the secondary lymphocyte sub- 
set changes. Serotherapy could also be 
combined with drug treatment with agents 
such as suramin, which by itself in early 
clinical trials has proved to be ineffective 
in the long term, with marked toxic side 
effects. The early introduction of the ther- 
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apy described may ensure protection from 
infection of new T lymphocytes generated 
from the patient stem cells under thymic 
influence. Such cells could contribute to 
significant degrees of immune reconstitu- 
tion of the individual. 

H.F.SEWELL 

F. WALKER 
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Immunosuppressants in 
patients with AIDS | 

Sır—An interesting rationale for the 
treatment of acquired immune deficiency 
syndrome (AIDS) with the immunosup- 
pressant cyclosporin A is based on the 
view that AIDS is an autoimmune 
disease'. Immunosuppressive drugs would 
be designed to reduce virus replications 
and autoimmune processes triggered by 
retroviral envelope proteins that are 
bound to T4 molecules. Klatzmann and 
Montagnier state, however, that there is 
still no firm basis for such a therapeutic 
approach. 

To this point, we are able to present a 
contribution that is experimentally cor- 
roborated by studies on neopterin excre- 
tion: measurement of neopterin levels 
provides a sensitive tool able to quantify 
activation of T-lymphocytes in vivo. Ele- 
vated neopterin levels are observed in vir- 
tually all diseases where activation of T- 
cells is apparent. In vitro, neopterin is re- 
leased exclusively from macrophages in 
response to specific stimulation with y- 
interferon (IFN-y) secreted by activated 
T-cells’. 

Studies of neopterin excretion have de- 
monstrated an activated cellular immune 
system in patients with AIDS, with AIDS 
related complex (ARC) and in risk-group 
members"? The frequency of elevated 
neopterin levels in risk groups is signifi- 
cantly correlated to the known AIDS risk 
factors: receptive anal intercourse, 
parenteral drug abuse and clotting factor 
substitution therapy in haemophiliacs. 
This elevation is observed also in reci- 
pients of multiple blood transfusions, in- 
fant children and in LAV/HTLV-III 
seronegative, apparently healthy risk- 


group members’. Although the activation 


of the cellular immune system seems to 
contrast with the clinical presentation of 
AIDS, the high serum levels of œ- 
thymosin and of acid-labile IFN-« in 
AIDS and ARC patients and elevated 
cytotoxic T-lymphocyte activity against 
allogeneic lymphoblasts in homosexual 
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men are consistent with activation’. These 
data argue for the view that T-cell-activa- 
tion plays a crucial role in the develop- 
ment of AIDS. We conclude that condi- 
tions linked with T-cell activation are pre- 
requisite for the development of AIDS. 
Permanent or multiple stimulations of the 
cellular immune system might represent 
the often discussed cofactor for progres- 
sive syndrome. 

According to this concept, and as sug- 
gested by Klatzmann and Montagnier' 
and demonstrated in vitro’, the activation 
and proliferation of T4-cells will deter- 
mine how much and how fast virus replica- 
tion will ensue. 2 

Consequently, T-cell activation should 
be strictly avoided particularly in LAV/ 
НТІУ-Ш seropositive individuals. Ap- 
plication of immunostimulative drugs 
such as interleukin-2 (IL-2), will exacer- 
bate the course of disease by accelerating 
virus spreading and T4-depletion; the fai- 
lure of IL-2 treatment is well known'. 
Regimens preventing activation of T-cells 
and applications of immunosuppressive 
agents (such as cyclosporin A) that inhibit 
secretion of IL-2 from T-cells, should be 
tested with adequate caution. 

Finally, the activation of T-cells by 
treatment can be readily assessed by 
measurement of serum or urinary neop- 
terin concentrations which rise with im- 
munostimulatory therapy and fall with im- 
munosuppression. 
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Genetic prediction of 
cystic fibrosis 


Str—Brock and van Heyningen (Nature 
319, 184; 1986) have reason to be a little 
indignant about the way their current pre- 
natal test for cystic fibrosis was ignored, 
but they are wrong to state that first 
trimester prenatal diagnosis by gene 
tracking with linked DNA probes suffers 
from a major problem due to the inability 
to confirm cystic fibrosis in the aborted 
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embryo. Their "cardinal requirement of 
prenatal testing, namely that some 
method of confirmation of diagnosis on 
the abortus be available" only really ap- 
plies to tests based on empirical correla- 
tions between the level of some factor in 
amniotic fluid, for example, and fetal 
genotype (tests such as Brock's current 
prenatal cystic fibrosis test and his earlier 
important contribution, the o-fetoprotein 
test for open neural tube defects like spina 
bifida). This is not so for genetic predic- 
tion using linked probes. 

The reliability of gene tracking using 
linked DNA probes depends on both ex- 
clusion of non-allelic genetic heterogenei- 
ty and the frequency of recombination be- 
tween disease locus and marker(s). Care- 
ful linkage studies in a large number of 
families from different populations will 
allow exclusion of significant non-allelic 
heterogeneity and provide a mean recom- 
bination frequency. These studies are 
already well advanced. The recombina- 
tion frequency combined with the prior 
genetic risk will allow a reliable prediction 
of the false positive and false negative 
rates for first trimester diagnosis; and the 
false negatives will also be observed after 
birth. Thus, the information required to 
assess the reliability of the prenatal test is 
available from studying living family 
members. 

Our unit has probably had the greatest 
experience in Britain of using linked and 
gene specific probes for early prenatal di- 
agnosis of haemophilia A, a disorder for 
which there is a reliable second trimester 
test by fetal blood sampling. Our experi- 
ence shows that couples at risk understand 
the inherent errors in using linked probes, 
and yet almost always opt for the earlier 
test based on chorionic villus sampling; 
often followed, in the case of a negative 
result, by fetal blood sampling. We cannot 
over-emphasize the advantages of early 
diagnosis as perceived by the family. 
These include the psychological benefits 
of an early result and an earlier and safer 
therapeutic abortion, if they choose that 
option. A consequence seems to be a shor- 
ter gap before trying again if unlucky. 
Furthermore, there is the opportunity to 
keep the pregnancy private until the mat- 
ter is decided. 

Marcus E. PEMBREY 
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ExPLonzns have always felt a need to find 
justifications for their efforts, and adding 
to scientific knowledge has long been one 
of the most popular of them. The Victo- 
rians, in particular, were fond of making 
out that the only reason why they hauled 
themselves up precipices or hacked their 
way through jungles was to make observa- 
tions of unrecorded phenomena or to add 
tothe tally of the Earth's known species. It 
was just not done to admit that other and 
less lofty motives lay behind their efforts: 
the physical challenge maybe, the thrill of 
the chase, or the glory of getting there 
first. A new literary genre came into being 
as a result: the scientific travel book. In 
addition to experiencing vicariously all 
the wonders and the perils of the untrod- 
den wilds, the armchair reader wanted the 
reassurance that it had all been in a worth- 
while cause, that the enjoyment and the 
suffering had had an underpinning of use- 
fulness. And as the supply of scientists 
who had travelled interestingly was strictly 
limited, many who were barely scientific 
rushed in to fill the gap. 

In his entertaining, light-hearted romp 
of a book — originally a series of radio 
talks — John Keay has disinterred a choice 
handful of the often rich and varied char- 
acters, a few of them frauds, most of them 
engagingly eccentric, from among whom 
the outer fringe of this literature acquired 
many of its inhabitants. Three with sci- 
entific pretensions feature among the 
seven whose exploits he recounts. The 
claim of one of them, H. Savage Landor, 
to have been contributing to science, how- 
ever, is evidently to be taken no more 
seriously than the title Everywhere that he 
had the effrontery to give to the published 
narrative of his journeys. The other two, 
though, did make useful collections. Lud- 
wig Leichhardt, one of a series of imposs- 
ibly prickly Central Europeans who lend 
added colour to the history of the early 
exploration of Australia, had undoubted 
talents as a botanist and his eventual, still- 
unsolved disappearance was a definite loss 
to that discipline. For Mary Kingsley, 
niece of the author of the Water Babies, on 
the other hand, collecting was a sideline: it 
was to carry on her late father’s researches 
into primitive religion that she braved the 
depths of the African rain-forest. Spe- 








cializing in creatures that did not need to 
be taken with a gun, she brought back for 
the British Museum many valuable speci- 
mens of beetles and fish. 

John Keay is a practised, professional 
writer, addressing with confidence what 
might almost be termed the professional 
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reader. Clare Lloyd, by contrast, is a pro- 
fessional zoologist more obviously having 
to strain in writing for the less sophisti- 
cated audience on which she has set her 
sights. Her book, however, is reprehens- 
ibly mistitled: botanists and geologists, 
the other members of the trinity that 
ostensibly forms her subject, scarcely fea- 
ture at all in its pages. It is hardly tactful of 
her, either, in a work whose readers will 
presumably be amateurs in the main, to let 
slip the suggestion here and there that 
genuine science can be done only by those 
who have received an academic training. 
Nor is the bibliography all that it should, 
be, for much of the historical scene-setting 
is recognizably drawn from a source that 
she fails to mention. 

Nevertheless The Travelling Naturalists 
is a book which, besides being read with 
pleasure, will prove of particular value for 
its helpful bringing together of accounts of 
the far-flung fieldwork of three late- 
Victorian naturalists: Howard Saunders 
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and Henry Seebohm, wealthy ornitholog- 
ists who respectively followed their pur- 
suit into the Andes and Siberia, and Wil- 
liam Spotswood Green. who went a long 
way down as well as up, organizing the 
Royal Irish Academy's deep-sea dredging 
programme of 1885—1887 and notching 
up first ascents in Canada's Selkirk Moun- 
tains and in the Southern Alps. More 
familiar figures occupy more than half of 
the rest bf the book: Mary Kingsley 
(again), Waterton, Bates. Speke and 
Franklin. While the tales of these certainly 
stand a re-telling, it is a pity the opportun- 
ity was missed to exhume rather more of 
the second division. 

Bundling together biographies like this 
is one sure way of recapturing that age of 
the great pioneers: another is the portrait- 
in-depth of a single expedition. The sump- 
tuous form in which the voyage of the 
Beagle was recently commemorated 
seems to have started a welcome fashion 
in this line of publishing; in the past year 
or two we have been treated to an cven 
finer volume on the voyage of the En- 
deavour, complete with Sydney Parkin- 
son's long-unpublished drawings. and 
now the Smithsonian Institution has sur- 
passed even that with a yet more magnifi- 
cent book on the Wilkes Expedition of 
1838— 1842. Just as the Endeavour volume 
was the product of a team of specialists 
drawn mainly from the ranks of the British 
Museum (Natural History). so their 
Smithsonian counterparts have turned out 
in force to provide us with a definitive 
account based on exhaustive historical 
and taxonomic research. 

The United States Exploring Expedi- 
tion (to give it its official title) was the 
largest voyage ever undertaken expressly 
for the purpose of scientific discovery. It 
was designed to demonstrate to the world 
that the youthful Republic was able to 
bring muscle to such work that was in no 
way inferior to that of the longer- 
established nations, and to the extent that 
the collections brought home proved as 
important as they were massive it can be 
said to have succeeded in its aim. The 
emphasis on national prestige. however. 
was very much a mixed blessing. On the 
one hand it wrung out of Congress — 
admittedly, only after many vears of lob- 
bying — funding on a scale gencrous 
enough to allow a staff of seven scientists 
to be recruited, foremost among them the 
25-year-old James Dwight Dana. the 
effective founding father of American 
geology. It also decreed a certain showy 
expansiveness in the Expedition’s itiner- 
ary, enabling a wide spread of territories 
to be visited and for collecting in these to 
extend in certain cases (most notably т 
Fiji) to spells of up to several months. The 
placing at its disposal of as many as half- 
a-dozen ships was a “further piece of 


unheard-of lavishness. > 
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On the other hand these were necessari- 
ly naval ships and as such quite unsuited to 
the scientists’ requirements. The fact that 
the Navy held command, moreover, 
meant that surveying was accorded prior- 
ity throughout. Worst of all, the Expedi- 
tion’s leader was high-handed and offi- 
cious, even forbidding the conchologist 
member to take specimens below decks, 
thereby compelling him to restrict his col- 
lections severely. ° 

Lieutenant Charles Wilkes, endeed, is 
both hero and villain of the story. But for 
his forcefulness and determination the Ex- 
pedition would never have accomplished 
so much; yet, ever-conscious of the poli- 
tical purpose its research was meant to 
serve (not for nothing was he the great- 
nephew of the English politician of the 
same surname), he boxed in the taxonom- 
ists appointed to work up the collections 
with stultifying edicts. The reports, he in- 
sisted, must all be written by Americans in 
America — and, what is more, only in its 
capital city. Yet Washington at that date 
had no scientific library or reference col- 
lections of any consequence. Only after 
repeated protests did he consent to mat- 
erial being referred to specialists overseas. 

Even when the scientific work was com- 
pleted, its publication was ludicrously 
botched: the 19 volumes of reports and 
atlases in which it was embodied were 
limited to a print run of only 100 copies. 
The collections meanwhile were left with- 
out a home for all of 16 years, subjected to 
pilfering by Congressmen and other pub- 
lic figures who helped themselves to speci- 
mens as souvenirs. First offered to the 
Smithsonian in 1846, only to be rejected as 
too expensive to curate, they were finally 
consigned there in 1858 by a Congress 
bereft of further patience or ideas. Even 
then their fate was not necessarily happy. 
Most of the crustacean material perished 
while on loan to Chicago in the great fire 
of 1871. Symptomatically, too, the unpub- 
lished report on the fishes produced by 
Louis Agassiz was lost in the bowels of the 
museum for well over a century. 

Despite all this, impressive additions to 
knowledge resulted. The zoological speci- 
mens alone turned out to contain nearly 
2,000 new species. Dana’s geological 
work, in particular, was to have an endur- 
ing influence, his observations in the Paci- 
fic anticipating the recent discoveries of 
plate tectonics. Many years were to pass, 
too, before the survey findings were su- 
perseded. Appropriately, indeed, even as 
late as the Second World War when the 
US marines came to invade Tarawa it was 
the chart made by the Wilkes Expedition 
that proved to be the only one available to 
guide them. o 


David E. Allen, Lesney Cottage, Middle Road, 
Winchester, Hampshire SO22 5EJ, is a past 
President of the Society for the History of Natural 
History and author of The Naturalist in Britain: 


A Social History (Allen Lane, 1976). 
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Curiosities of crime 
in medicine 
H.R. F. Keating 


Surgeons at the Bailey: English Forensic 
Medicine to 1878. By Thomas Rogers 
Forbes. Yale University Press:1986. 
Pp.255. $26, £20. 


History has a terrible habit of lapsing 
into anecdote, and one never knows 
whether to cry or to laugh. This ambival- 
ence applies just as firmly when the hist- 
ory is the history of science. Thomas Rogers 
Forbes, Professor Emeritus of Anatomy 
and advisor in medical memorabilia at 
Yale, has had the worthily academic 
notion of outlining a history of forensic 
medicine in Britain. He uses chiefly the 
Old Bailey Sessions Papers, records of 
trials at what is now the Central Criminal 
Court from 1684 up to an arbitrary finish- 
ing point of 1878. 

These papers are one of the few sources 
we have for seeing what doctors or em- 
bryo medical scientists did and thought 
when they were brought into rough con- 
tact with the varied forms of human crim- 
inality. So far so good. Professor Forbes 
has delved into them with persistence and, 
with footnotes and bibliography (13 small- 
print pages), he has laid down what could 
have been a formidable account. 

But, alas, there is a falling-away from 
the ideal. Fundamentally, the material for 
a proper account of the gradual introduc- 
tion of scientific method into English 
criminology is not available in the Sessions 
Papers nor in such other accounts as Pro- 
fessor Forbes from time to time quotes. 
Furthermore he has chosen to present 
what evidence he has, not in one sweep, 
but piecemeal, with potted histories of 
advances in the detection of blunt instru- 
ment injuries, of asphyxia, of sexual of- 
fences, of poisoning, of insanity and of a 
score of other minor aspects. 

So it is hard to get much sense of the 
development of forensic medicine as a 
whole. On the other side of the coin, the 
book is simultaneously a tremendous 
hotch-potch of curiosities and comicali- 
ties. Bedside reading for a month, if you 
can take the odd references to inflamma- 
tion of the ileum and, indeed, to peine 
forte et dure, an early scientific approach 
to finding the truth by squashing a suspect 
till he talked. 

The fact is that murder is as much risible 
as it is horrific, I suppose because for 
many of us the funny side is the only way 
we dare look on the possible prospect of 
our own violent demise..So we get the so- 
called Resurrection Men who supplied 
bodies for anatomical study by digging 
them up or on occasion doing in the living. 
Thus the poet Thomas Hood wrote, 
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Don't go and weep upon my grave 
And think that there I be. 

They haven't left an atom there 
Of my anatomie. 


We get, too, such curiosities as cruena- 
tion. Cruenation is the belitf that if a 
murderer can be made to touch the corpse 
of his victim the wounds will at once bleed. 
“See”, wrote Shakespeare, “dead Henry's 
wounds Open their congeal’d mouths and 
bleed afresh”. And in 1658 a Major 
Strangeways was put to this test, passed it 
triumphantly — and then succumbed 
under the peine forte, thus sacrificing him- 
self to prevent his property being forfeit to 
the Crown. 

Other speculation-causing titbits in- 
clude the fact that Addison’s Disease is 
named after Dr Thomas Addison, who 
actually confused that malady with anoth- 
er (read the footnotes). Or some vicious 
textbook reviewing in the early 1800s in 
which accusations of bad grammar played 
as dominant a part as challenges to experi- 
mental conclusions. 

But perhaps the most savourable pages 
come in the various accounts of attempts 
on the life of Queen Victoria. There was 
Edward Oxford, a mulatto pot-boy who, 
in 1840, shot twice at Her Majesty, prob- 
ably with pistols without bullets, and, out 
of a contradictory plethora of medical evi- 
dence, was found insane. (Because he was 
tried for treason rather than attempted 
murder he was allowed Counsel without 
payment.) In the Bethlehem Hospital he 
learnt six languages, chess, carpentry, the 
violin and knitting, as well as meeting 
George Hadfield who, convinced he was 
King George III and wanting to commit 
suicide, had fired at the real George III 
and missed. 

Robert Pate, who in 1850 merely wham- 
med Her Majesty on the head with a 
walking-stick, inflicting only a cut, was 
luckier. Life being odder than fiction, he 
was arrested by the selfsame policeman 
who had seized M'Naughten, the error- 
prone assassin of Robert Peel's secretary 
and origin of the long-held M’Naughten 
Rules for defining insanity. Pate 
was found guilty and not insane — the 
Judge happened to disagree with the 
M’Naughten formulations — but was 
merely sentenced to seven years’ trans- 
portation. A mad world, my masters — in 
every sense. o 


H.R.F. Keating, 35 Northumberland Place, 
London W2 5AS, UK, is a crime novelist and 
creator of Inspector Ghote of the Bombay CID. 
His most recent book is Under a Monsoon 
Cloud (Hutchinson, 1986). 





New in paperback 

ө The Limits of Science, by Peter Medawar, a 
characteristically short, incisive and elegant 
account of the place of science in the modern 
world. Publisher in Britain is Oxford University 
Press, price is £3.95. The hardback edition was 
reviewed by Lewis Thomas in Nature 312, 203 
(1984). 
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Cells come of age 


Dennis Bray 





Annual Review of Cell Biology, Vol. 1 
1985. Edited by George E. Palade, Bruce 
M. Alberts and James A. Spudich. An- 
nual Reviews Inc., 4139 El Camino Way, 
Palo Alto, California 94306, USA:1985. 
Pp.580. $27 (North America), $30 (else- 
where). 





REVIEWING reviews can be a vertiginous 
business, especially in a field such as cell 
biology in which any single experimental 
observation may be caught up and re- 
flected from a ramifying literature, like 
images in a Hall of Mirrors. On the red 
blood cell cytoskeleton, for example, you 
will have a choice of a dozen or more 
reviews written in the past four years. All 
have the same viewpoint (no spicy con- 
troversies here) and offer more or less 
the same litany of facts. It is reasonable to 
ask how useful they are: do we need more 
reviews? 

Well, yes, we do, atleast when they are 
as authoritative and critical as those pub- 
lished by Annual Reviews Inc. Founded in 
1929, the company is a non-profit-making 
organization and produces volumes of re- 
views of scientific subjects at a remarkably 
low price. The directors, editors and 
authors all contribute their energies and 
talents for free, and in the interests of 
their science they are very conservative 
in starting new series. Beginning with the 
Annual Review of Biochemistry in 1931, 
the company now produces 27 volumes 
annually: а remarkably small number 
when one considers the range of subjects 
covered and the awesome increase in pub- 
lished literature in 55 years. New volumes 
are introduced only reluctantly, so that 
when one does appear it is a mark of 
recognition — a coming of age. 

Some material in the new Annual Re- 
view of Cell Biology inevitably overlaps 
other disciplines. The articles on inter- 
mediate filaments, fibronectin, acetyl- 
choline receptors and actin-binding pro- 
teins could as well have stayed in the 
parental Annual Review of Biochemistry. 
But the main part of the volume is distinc- 
tive in content and deals with a higher 
level of organization. Accounts of struc- 
tures such as the brush border, the mem- 
brane cytoskeleton and microtubule orga- 
nizing centres, and of organelles such 
as peroxisomes and Golgi apparatus, are 
complemented by refreshing, integrative 
reviews of the processes of protein 
targeting, endocytosis and membrane 
traffic, and the establishment of cell pol- 
arity in eukaryotes and prokaryotes. 

The emphasis is still strongly molecular, 
and only one article — an excellent 
account of cell migration in the embryo by 
Thiery, Duband and Tucker — treats cells 
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as the sentient creatures we all know them 
to be. Obviously molecules are easier to 
study and generate more data. But cell 
biology and molecular biology are not the 
same (despite some confused statements 
to this effect in the preface), and itisa pity 
that such an influential volume does not 
have more on the lineage, differentiation, 
behaviour and tissue interactions of the 
eponymous cell. 

Within the rigidly defined format of the 
Annual Review volume, many excellent 
features are to be found in the book. 
There are more illustrations than usual, 
adding greatly to the interest and compre- 
hensibility of a subject that deals in orga- 
nization and structure (line diagrams are 
probably more effective than halftones in 
such an economically produced volume). 
Itis also pleasant to discover how readable 


many of the articles are. Back in 1950). the 
first volume of the Annual Review of 
Physical Chemistry regaled its readers 
with sentences several pages long. con- 
taining lists of references and chemical 
names and one verb. We have come a long 
way since then. Many of the reviews in this 
new volume could be enjoyed bv informed 
readers outside the immediate area of spe- 
cialization, especially where authors have 
ventured go bring the facts together in a 
hypothesis. The marvellously complete 
account of mitosis and meiosis by Murray 
and Szostak creates calm in a tormented 
universe; right or wrong. intelligent 
models of this kind certainly make facts 
easier to remember. 7: 





Dennis Bray is in the Medical Rescarch Coun- 
cil’s Cell Biophysics Unit, 26-29 Drury Lane, 
London WC2B SRL, UK. 
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Scientific anatomy 
Philip Gummett 





About Science. By Barry Barnes. Basil 
Blackwell:1985. Pp.163. Hbk £19.50, 
$24.95; pbk £6.50, $8.95. 





SciENCE is the dominant form of cognitive 
knowledge in all modern societies. What 
counts as empirical knowledge in these 
societies is very close to being what scien- 
tists and associated experts allow so to 
count. How this state of affairs came 
about, and what it entails for both science 
and society, are the main themes of this 
book. 

These themes are the bread and butter 
of the social studies of science, a field 
which developed largely from the 1960s, 
when there was a flurry of interest in the 
possibility of a "science of science". 
Although that goal has long been aban- 
doned, we do now have a richer under- 
standing of science as a social institution. 
Unfortunately, much of the relevant liter- 
ature is written only for the cognoscent. 
Barnes redresses the balance well with this 
extremely lucid book. His intended 
audience is undergraduates and sixth- 
formers who are studying natural science 
and wish to learn more about science as an 
activity. But the book is so well written 
that it should attract a much wider 
readership. 

Barnes describes how science became 
central to society during the Industrial 
Revolution. This was not because there 
were large numbers of scientists, nor be- 
cause of any misplaced belief in its useful- 
ness. Rather, science was for the rising 
commercial and industrial classes what the 
Bible and the classics had been for the old 
landed gentry and aristocracy. As science 
developed so did specialization, and with 
it came social processes for authenticating 
scientific knowledge and granting admis- 


sion to the body of acknowledged scien- 
tists. Within this new social institution. 
recognition by one's peers served the pur- 
pose that money served in the wider 
society: scientists sought recognition. of 
their work, not as an end in itself. but 
because with it they could more readily 
advance their careers in the ways that they 
wanted. 

The unequal distribution of recognition 
among the seientific community means 
that the word of some scientists counts 
more than that of others. This has the 
useful consequence that the authority of 
the most highly-regarded scientists acts as 
afilter for the mass of data which scientists 
encounter daily, and so allows them to 
survive without having constantly to go 
back to basics. This portrait of scientific 
activity contradicts, of course, the popular 
picture of scientists as always questioning 
everything. 

The authority structures that arise with- 
in science extend into the wider society. 
This did not happen by accident. As part 
of their campaign in the nineteenth cen- 
tury for social acceptance, scientists 
fought the church for recognition as the 
authoritative voice on issues to do with 
natural phenomena. Their victory 15 now 
more or less complete, and this raises the 
question today of the possible political 
domination of society by experts. Barnes 
is sceptical of this argument. For him. 
society is dominated through science and 
technology rather than by them. He also 
disputes the proposition that, if only all 
Citizens were properly informed about the 
issues of the day, rationally correct deci- 
sions would be made by simple aggrega- 
tion of individual preferences. Such 
aggregation is neither simple nor even 
necessarily rational. The science of society 
remains as remote as the science of 
science. ab 





Philip Gummett is in the Department of Science 
and Technology Policy, Üniversiy of Man- 
chester, Manchester MI3 9PL, UK 
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At the threshold of 


consciousness 
K.E. Webster 


The Thalamus. By Edward G. Jones. 
Plenum: 1985. Pp.935. $135, £114.09. 


Some 50 years TA Sir Wilfrid Le Gros 
Clark described the thalamus'as “at the 
threshold of consciousness". The phrase 
conveys vividly the peculiarity of an 
organization common to all vertebrates: 
the flow of sensory information to the 
cerebral cortex and basal ganglia (or their 
homologues) in the forebrain is, with few 
— and largely peculiar.— exceptions, 
strikingly interrupted in the nuclei of the 
thalamus. And yet the effects of the des- 
truction of the thalamus, even in human 
beings, are seemingly either obviously 
predictable (for example blindness) or 
spectacularly unpredictable (for example 
the changes in pain sensibility associated 
with the thalamic syndrome). This crude 
summary indicates, I hope, why the thala- 
mus has fascinated so many distinguished 
neuroscientists for so long. 

Nonetheless, this beautifully produced 
book is the first large-scale monograph on 
the thalamus to be published since the 
1930s. Its scope is wide: it includes an 
introductory historical chapter — which 
lends an admirable perspective to the 
whole — and ranges from cytoarchitect- 
ure through synaptology, connectivity, 
physiology and histo-pharmacology, to 
ontogeny and comparative studies of the 
vertebrate thalamus. In general, the func- 
tional groups of nuclei are dealt with 
together. In many cases, when the sources 
of afferents and the targets of efferents are 
referred to, the discussion of the organiza- 
tion of the sources and targets is com- 
mendably extensive and well-researched: 
comparable in fact, to that on the subject 
matter sensu strictu. The reader can thus 
turn to the book as a useful source of 
references and informed discussion on, 
for example, the organization of the cere- 
bral cortex. 

The text is very readable, yet exhaus- 
tively referenced, and the numerous illus- 
trations are of high quality. The book 
imparts a clear sense that the overall 
objective is to explain the significance of 
the vertebrate thalamus. That, in the last 
analysis, the account fails in this en- 
deavour is a reflection not so much upon 
the author as upon the ultimately intract- 
able nature of his subject matter. Profes- 
sor Jones makes us well aware that, vast as 
our knowledge may now be, our under- 
standing remains small: a truly all- 
embracing synthesis is as little possible 
now as it was 50 years ago. 

Inevitably, in a book of this size and 
compass, there are details of interpreta- 
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tion with which one might disagree, or 
information at the omission of which one 
might complain. In my view such omis- 
sions are virtually always trivial, and rep- 
resent but minor blemishes on a successful 
and accomplished work, while the conten- 
tious emphases and interpretations are, 
for me at least, the spice in a generous 
meal. This book is at once stimulating 
and useful: the earlier monographs of Le 
Gros Clark and of Walker have a worthy 
successor. 0 


К.Е. Webster is Professor in the Department of 
Anatomy and Human Biology, King's College 
rondon (KQC), Strand, London WC2R 2LS, 


Brief encounter 


Irwin Fridovich 


Biochemistry of Dioxygen. By Lloyd L. 
Ingraham and Damon L. Meyer. 
Plenum:1985. Pp.287. $45, £39.13. 


Tuis volume, fourth in a series entitled 
Biochemistry of the Elements, might have 
had as its subtitle: Once Over Lightly. 
Dioxygen, its singlet states and reduction 
products, and the enzymes which produce 
and act upon them, has been under in- 
tense investigation for several decades 
and is the subject of a vast and rich litera- 
ture. Unfortunately the authors have tried 
to cover it all in a small-format book of 
only 287 pages. They would have been 
better advised to have chosen some mod- 
est fraction of this broad field and to have 
tilled it more diligently. Probably the 
cause for the less than satisfactory out- 
come was faulty planning; if selenium de- 
served one volume (Vol. 2 in the series), 
then dioxygen should have commanded at 
least four volumes. 

The collision between the enormity of 
the subject matter and the paucity of space 
has yielded a book which does not bear up 
well under. close scrutiny. The results of 
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the past five years of research are almost 
entirely ignored; illuminating equations, 
chemical structures and diagrams are too 
few; typographical errors are numerous; 
explanations are sometimes so compress- 
ed that their import will be opaque to most 
readers; and the facts stated are some- 
times erroneous. Some specific examples 
are fequired to give substance to these 
charges. 

Thus, sulphite is prone to oxidation by a 
free radical chain reaction, but sulphite 
does not reduce O, to O,. The iron- 
containing superoxide dismutase of 
Escherichia coli was once thought to re- 
side in the periplasm, but this claim was 
withdrawn on the basis of subsequent 
work. Some evidence for the existence of 
an essential persulphide in xanthine ox- 
idase was once presented, but more recent 
work identifies the essential sulphur as a 
terminal ligand of the molybdenum, 
which in turn is attached to a novel pterin 
prosthetic group called ‘molybdopterin; 
this pterin, whose discovery is the most 
exciting development of the past decade 
of study of xanthine oxidase, is nowhere 
mentioned. p-Amino acid oxidase cataly- 
ses the oxidation of the nitroethane anion, 
not of ethyl nitrate. The chapter on cata- 
lases and peroxidases makes no reference 
to the bacterial catalases, such as the 
manganese-catalase, and the chapter on 
“Biological Iron Dioxygen Carriers” fails 
to mention the Bohr effect and the influ- 
ence of 2,3-diphosphoglycerate on the 
oxygen-binding curve of haemoglobin. 
The cooperativity of dioxygen binding to 
haemoglobin is discussed but not its phy- 
siological significance. 

There is much more, but this will suf- 
fice. One may sum up the book by saying 
that the authors tried too much and hence 
were doomed to fail. We must hope that 
another attempt by several authors, 
spread over several volumes, will one day 
do justice to this important subject. П 


Irwin Fridovich is James B. Duke Professor of 
Biochemistry at Duke University Medical 


Center, Durham, North Carolina 27710, USA. 




















of Landscape in Britain, with photographs by Charlie Waite and commentary by Adam Nicolson, to be| 


Tin decline: an abandoned mine, near Lydford, Devon, U K. The picture is taken from the paperback edition 


published in Britain on 24 March by Pavilion. 
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COMMENTARY 





Investigating the paranormal 


from David F. Marks 








Parascience has so far failed to produce a single repeatable finding and, until it does, will continue to 


be viewed as an incoherent collection of belief systems steeped in fantasy, illusion and error. 





FEW fields of inquiry capture the attention 
of the public as much as the paranormal. 
Newspapers, books, films and television 
have all cashed in and promoted it. Yet 
after millennia of experience and more 
than a century of controlled investigation, 
since the founding in 1882 of the Society 
of Psychical Research, the paranormal 
remains as controversial as ever. While 
credence in extrasensory perception (ESP) 
and ргесорпійоп is ^ widespread, 
parapsychology has failed to produce a 
single repeatable demonstration. In the 
face of such a dearth of hard evidence, 
how can such widespread belief in the 
paranormal be accounted for? 

The importance of rigorous analysis of 
the evidence for parascientific claims can- 
not be underestimated. The establishment 
of ESP could conceivably require a para- 
digm shift (in Kuhn's sense) of the most 
fundamental kind and our concepts of 
mind-brain relationships and conscious- 
ness would need radical alteration. Our 
whole approach to psychology as an 
empirical science, based as it is on the 
time-honoured assumption that percep- 
tion can result only from sensory activity, 
would be brought into question. 

The conventional response of many 
scientists to the paranormal is to ignore 
the evidence on a priori grounds, believing 
it to be of basically poor quality. This 
attitude is allied to the Humean stance 
that a lie is more probable than a miracle. 
Although this scepticism is certainly jus- 
tified, it could be argued that such a 
blanket response is counterproductive. 
First, it is hardly scientific to reject a claim 
purely because of its a priori improbabil- 
ity. Second, a division is created between 
aligned groups of committed 'believers' 
and 'sceptics' and the resulting adversarial 
positions inhibit proper discourse and the 
possibility of an account which satisfies 
all parties. Third, it leaves the field open 
for undisciplined exploitation, which is 
irresponsible; there are many examples of 
financial loss, suffering and even death 
resulting from fraudulent paranormal 
claims (for example, the Jonestown 
massacre, psychic surgery, the Transcen- 
dental Meditation levitation programme, 
firewalking, scientology and other pseudo- 
scientific cults). For scientists passively to 














ignore such developments is, to say the 
least, uncharitable. 

The Committee for the Scientific 
Investigation of Claims of the Paranormal 
(CSICOP) was established in 1976 with 
the aim of increasing the quality of scien- 
tific investigations into the paranormal by 
constructive criticism and the exposure of 
invalid or fraudulent claims. Over this 10- 
year period, an inordinate amount of 
fraud, error and incompetence in paranor- 
mal investigations has been brought to 
light’. But pseudo-sciences are remark- 
ably stable and tradition-bound; their 
presence on the edges of science can be 
expected indefinitely!?. 

Areas of experimental psychology can 
shed light on the paranormal, especially 
the study of consciousness and cognition. 
Such investigation indicates that the many 
anomalies of putatively paranormal 
experience are an inevitable consequence 
of normal selective and constructive pro- 
cesses in perception, memory and 
imagery. I summarize here what seem to 
be the common assumptions on which 
claims of the paranormal are based. 


Theoretical assumptions 


Paranormal phenomena are negatively 
defined. A phenomenon is defined as para- 
normal only if it contravenes some funda- 
mental and well-founded assumption of 
science. Hence, to establish an effect as 
paranormal, all possible ‘normal’ explana- 
tions must be shown to be invalid. Any 
paranormal claim thus also remains pro- 
visional; a normal explanation, not pre- 
viously thought of, may be discovered at 
some future time. 

Mysteriousness per se is a necessary but 
insufficient condition for adjudging an 
event as paranormal. There will always be 
limits to knowledge, so that new 
phenomena that initially ^ appear 
anomalous will be given a natural expla- 
nation following systematically controlled 
observations. Bona fide paranormal 
effects, on the other hand, are supposed 
to contravene established assumptions as 
though from another order of existence 
and not simply for lack of explanation. 
"Contranormal' would be a more precise 
technical term. 

Examples of effects which until recently 











were claimed to be paranormal but which 
can now be explained from within 
orthodox science include: 

(1) Kirlian photography, the photo- 
graphic recording of coronal discharges 
around living or non-living objects pro- 
duced by high-voltage, (20-100 kV), high. 
frequency (75 kHz-3 MHz) electrical 
fields'?"^, Variations in the images of the 
corona can be explained in terms of nor- 
mal physical factors such as moisture, 
pressure or distance, all of which influence 
circuit resistance. 

(2) Fire-walking, if conducted briskly 
on hot materials of low thermal capacity 
and poor thermal conductivity, does not 
produce burns'*!*, The Leidenfrost effect 
created by an insulating layer of water or 
sweat may also reduce energy transfer to 
the surface of the body. 

(3) Dowsing is based on sensory cues, 
expectancy effects and probability. Con- 
trolled trials fail to produce above-chance 
results®!7-)9, 

(4) Psychic surgery, thought photogra- 
phy and metal bending all involve sleight- 
of-hand and can be duplicated by skilled 
magicians®*°-?, The first differs from the 
others in respect of the associated false 
hopes and financial loss, but all three are 
fraudulent. 

(5) ‘Gellerized’ watches?'?, thought io 
be broken, are purportedly repaired by 
illusionist Uri Geller by 'psychic con- 
centration’. In about 50% of cases, simply 
holding the watch in a clenched first and 
shaking it provides a sufficient stimulus to 
free the mechanism. 

(6) Astrology, graphology, tea-leaf and 
tarot card readings, the 1 Ching and other 
forms of divination are all types of 'cold 
reading’ or 'sleight-of-mouth ?. They 
depend upon ambiguous, wish-fulfilling 
and general advice, the use of prior or 
presented information and cues obtained 
by verbal ‘fishing’. A strong feeling of per- 
sonal validation often accompanies such 
readings. Various forms of *mediumship 
and ‘psychometry’ as practised by D. Col- 
lins and D. Stokes are also examples of 
cold reading. 

In some cases, field observations can be 
checked under laboratosy conditions and 
the sensori-motor features of the original 
performance reproduced using a delayed 
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control group of non-psychic subjects; for 
example, Geller's watch-starting pro- 
cedure and ability to draw the contents of 
sealed and apparently opaque envelopes 
were matched by that of non-psychic con- 
trols”? (Fig. 1). Clearly, the tendency to 
judge a mysterious event as paranormal 
in the absence of controlled observations 
can be quite misleading. 

The most drarhatic evidence for the 

paranormal has been based on either fraud 
or methodological error. Apparent frauds 
that have been uncovered include Univer- 
sity of London mathematician S. G. Soal's 
manipulation of his recording sheets? 7", 
University of Utrecht Professor Tanhaeff's 
evidence on Croiset, the Dutch ‘psychic’ 
detective®, and the description by C. Cas- 
taneda (University of California at Los 
Angeles) of the paranormal teachings of 
Don Juan”’. C. E. M. Hansel’ has provided 
a valuable review of the history of trickery, 
fraud and error in parapsychology. 
However, outright fraud is not the only 
vehicle in which the paranormal cause can 
travel, and itis a serious mistake to assume 
it is a necessary part of any paranormal 
investigation. 
There are no theories to account for para- 
normal effects or their properties. There are 
some undesirable implications of this 
aspect. First, investigators are unable to 
conduct properly controlled experiments 
on the properties of psi phenomena 
because they have no idea what the rel- 
evant variables are. In particular, there is 
no procedure by which psi can be deliber- 
ately switched on or off, and so there is 
no possibility of examinng the effects of 
psi on other variables. All that can be done 
is to establish whether a given perform- 
ance in some particular set of circum- 
stances differs from a baseline; if so, psi 
is assumed to be the cause. 

Oddly, neither the subject nor the 
experimenter can state which of the suc- 
cessful trials in a psi experiment result 
purely from chance guessing and which 
are generated by psi, so that there is no 
basis for distinguishing between a high 
score in a psi experiment and a lucky run 
in a game of chance. Also, the persistence 
of psi investigators in the face of variable 
but mainly negative results could have a 
similar motivational basis to that of addic- 
ted gamblers; both show high resistance 
to extinction following variable ratio 
schedules of reinforcement??. 

A more fundamental problem with the 
paranormal's atheoretical status is that of 
untestability. Failure to observe a par- 
ticular effect can be readily attributed to 
a host of ad hoc, hypothetical factors. Vivid 
imagination is no substitute for testability, 
however, and if ad hoc hypotheses are not 
independently testable, nor is the original 
claim?!, 

It has been stated that the participants 
in any experiment may unconsciously 
determine the results according to whether 
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Fig. 1 Drawings presented to Geller and to, non-psychic controls. The targets were inside 
envelopes, and Geller and the controls were allowed to see the sealed envelopes. The first and 
second columns show targets as they appeared in unfolded and folded states. Geller's final attempts 
at reproducing the drawings, which were folded and sealed inside envelopes, are shown in column 
3. Columns 4 and 5 show the best results obtained from the control subjects after only 5 and 10s 
of close visual inspection. The drawings were presented inside the same envelopes under similar 
lighting conditions. Geller, who claimed to use ESP, had taken 11.5, 85 and 18 min for a, b and 
c, respectively, but he was being observed, albeit discontinuously (see ref. 23). 


they themselves believe in psi, the so- 
called ‘sheep-goat’ effect??. Hence, psi сап 
be held to be present whatever the results, 
unless the belief of the investigators is 
itself independently controlled. 

In an extreme version of the 'sheep- 
goat’ hypothesis, some investigators have 
even proposed that the participants in an 
experiment need not be restricted to the 
individuals in the laboratory but could 
also include all of the readers of the jour- 
nal which subsequently publishes the 
results?! In this case the proportion of 
sceptics and believers among the eventual 
readership would determine the experi- 
mental outcome through backward cau- 
sality. Similar in kind is the ‘shyness 
effect’, the tendency of metal not to bend 
psychically while it is being observed**. 
Evidence of the paranormal is held to be 
incompatible with materialism. Inves- 
tigators throughout history have been con- 
vinced that evidence of the paranormal 
proves that materialism must be wrong. 
This was assumed by the Society of Psy- 
chical Research, one of whose early presi- 
dents, Sir William Barrett, spoke of 
parapsychology ‘as the most valuable 
handmaid to religion”. J. B. Rhine’, the 
founder of the Parapsychology Associ- 
ation and C. Таг”, a former president, 
have both reiterated the religio-spiritual 
motive for pursuing psi research. 

An immaterial ‘soul’ has passed out of 
the formal language of parapsychology, 
but anti-materialism is still the backbone 
of the underlying philosophy. A. Flew has 
described the profound logical difficulties 
with an immaterial, immortal entity which 





somehow discriminates its own mental 
experiences from that of all others??, But 
even putting that issue to one side, it is 
curious how seldom the anti-materialist 
assumption has been properly explained. 
D. E. Cooper indicated one way in which 
the anti-materialist argument can be con- 
structed as a reductio ad absurdum, but he 
found this to be incoherent??. In fact, it 
seems doubtful that materialism and ESP 
would be incompatible, should real 
evidence of ESP ever be found. As M. 
Scriven has pointed out, materialism can 
always be enlarged to absorb newly sub- 
stantiated phenomena, "since the very act 
of substantiation demonstrates that the 
phenomena are indeed part of the material 
world, and hence that a current version of 
materialism must embrace them™.” 


Methodological problems 


The failure of paranormal investigators to 
produce a single repeatable effect despite 
100 years of published research is a serious 
matter. The hoped-for results have been 
described in thousands of reports, but not 
one can be repeated in a properly control- 
led replication. Yet in addition to the huge 


"literature of unrepeatable findings, there 


is an inestimable number of unpublished 
and presumably negative results. 

The most systematically investigated 
area is undoubtedly parapsychology. The 
field is professionally organized, with its 
own associations of accredited members 
and journals. Since 1969 the Parapsycho- 
logical Association has been an affiliated 
division of the American Association for 
the Advancement of Science. On the sur- 
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face, the research sophistication of many 
parapsychologists seems to be as high as 
that of other professional researchers. The 
University of Edinburgh now has its own 
Koestler Chair of Parapsychology. Yet 
parapsychology is unique in that it 
remains permanently in search of a 
reliable finding. In spite of the long history 
of error, fraud and negative results, the 
practitioners remain confident that a posi- 
tive result will soon be obtained. While 
many abortive leads have been reported 
in its major publications (for example, 
Advances in Parapsychological Research, 
Handbook of Parapsychology?^', Journal of 
Parapsychology), there is no paradigmatic 
experiment in the Kuhnian sense, and 
every new investigator must start afresh, 
as though he or she is the first worker in 
the field. 

Leading parapsychologists acknowl- 
edge the unrepeatability and admit that 
no single experiment has been free of 
error. J. Beloff? and R. Morris? have con- 
cluded that the best case for psi rests on 
collections of experiments which, 
although individually flawed, reveal the 
undeniable presence of psi. But badly con- 
trolled experiments prove nothing, no 
matter how large the collection. 

If any genuinely repeatable effect is ever 
discovered, then existing science would be 
modified to accommodate the new finding, 
which would then become an integral part 
of materialist science. The continued 
existence of 'parascience' as a separate 
field depends upon the investigators' crea- 
tivity in searching for new, unexplained 
anomalies of a singularly unrepeatable 
kind. 

How close are we to a repeatable para- 
normal finding? Examination of the 
literature suggests, not very. In systematic 
reviews of parapsychological experiments, 
C. Akers“ and R. Hyman* have indepen- 
dently come to the same conclusion: that 
the research methods and evidence are too 
weak to establish the existence of a para- 
normal phenomenon. 

Akers reviewed a representative sample 
of 54 published experiments which used 
unselected subjects and reported sig- 
nificant results. The sample included 11 
experiments using the ganzfeld technique 
(in which the eyes and ears receive unpat- 
terned sensory inputs), 12 hypnosis 
experiments, 12 studies of personality cor- 
relates, 10 studies of attitude correlates, 5 
relaxation experiments and 4 meditation 
experiments. Akers identified seven sour- 
ces of methodological error and the major- 
ity of experiments included one or more 
errors (see Table 1). 

Hyman’s analysis included 42 ganzfeld 
experiments reported during 1974-81. 
Twenty-three (55%) claimed significant 
evidence of psi on at least one perform- 
ance measure. Giving consideration to 
what can be counted as an independent 
study, Hyman concluded that the true suc- 
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Table1 Flaw analyses of representative parapsychological experiments: proportions of samples 
containing each flaw 





Flaw 


Sensory cues 

Inadequate randomization 

Inappropriate statistics or multiple testing 
Potential fraud 

Recording errors 

Classification or scoring errors 

Reporting failures 

One or more errors 


Akers’ sample Hyman's sample 


(ref. 44) (ref. 45) 
22/54 23/42 
13/54 31/42 
11/54 12/42 
12/54 Қ 10/42 
10/54 — 
09/54 - 
10/54 25/42 
46/54 42/42 


TTT rr IMi 


cess rate was at most 31%. Moreover, 
many studies had conducted multiple 
statistical testing by analysing more than 
one performance measure and Hyman 
suggested that a more realistic significance 
level would have been as high as 0.25 
instead of the nominal 0.05 level. Hence, 
the effective significance level and percen- 
tage of significant results are approxi- 
mately equal. 

Hyman’s tally of procedural flaws is 
shown in Table 1. None of his sample was 
judged to be free of flaws, while Akers 
adjudged only eight of his sample to be 
flawless, but stated that none could be 
considered ideal. 

The much-publicized experiments on 
remote viewing by Puthoff and Targ^? are 
also invalid because of the many sensory 
сие”, non-randomization" and inap- 
propriate statistics*?, Tart organized а re- 
analysis of this research and claimed to 
have removed all of the sensory cues and 
obtained the same highly significant 
results. However, he did not in fact 
remove all of the cues as he had stated. 
Attempted replications of the remote- 
viewing research are either flawed or, in 
the case of well-controlled studies, show 
no evidence of ESP??, 

This review leads to only one con- 
clusion: there is no scientific evidence of 
ESP. Yet millions of people throughout 
the world believe in the reality of ESP and 
other paranormal phenomena. How can 
these two facts be reconciled? Is science 
mistaken, or are folk beliefs manufactured 
from error and illusion? 


Psychological factors 

Many factors of a psychological nature 
foster paranormal beliefs and make them 
a common feature of human thinking and 
behaviour. Our cultural traditions are 
steeped in religion and magic, many 
features of which lend themselves to belief 
in supernatural agencies. Scientific think- 
ing is a recent departure in human history 
and scientific ideas have had little time to 
affect the magical thinking from which 
Science itself evolved. 

Sociologist D. O'Keefe argues that 
paranormal research has evolved from 
within the traditions of magic which them- 
selves evolved from religion®!. The current 





occult revival is seen as a reaction to the 
excessive rationalism which many per- 
ceive in science. O'Keefe argues that 
religion created the ‘cloud-cuckoo land 
in which magic, and thence the paranor- 
mal, can flourish. Yet scientists are often 
ill-prepared to provide the necessary 
counterbalancing rational account of the 
paranormal. Against this background of 
magico-religious entrenchment, there are 
some extra psychological processes that 
make paranormal beliefs an inevitable 
characteristic of human consciousness and 
thinking. 

Mental imagery. A mental image is a quasi- 
perceptual experience in the absence of 
an objective stimulus. There are huge 
individual differences in the reported 
vividness and controllability of images. In 
Western cultures 1-596 of the population 
appears regularly to experience fantasies 
which seem as real as actual events even 
though they are entirely fictional", Such 
individuals often experience vivid, uncon- 
trollable *eidetic' images of almost hal. 
lucinatory quality, are highly suggestibie 
and can be easily hypnotized". They 
report more putatively paranormal 
experiences, such as telepathy, precogni- 
tion, ghosts and out-of-the-body experien- 
ces. While mental imagery has a large 
number of practical uses in thinking. 
memory and problem solving, it can also 
occur in altered states of consciousness in 
which the normal level of lucidity is no 
longer present”. 

Research conducted a century ago by 
E. Gurney and F. W. H. Myers described 
27 cases of ‘spirit communication’ from 
deceased persons”. Eighteen of the appar- 
itions occurred in sleep-related states nor- 
mally associated with highly vivid and 
autonomous images which are easily mis- 
taken for reality. The remaining cases 
occurred in subjects who were fullv awake 
and these could easily have been structural 
eidetic images stimulated by thought- 
processes of the daydreaming Кіпа“. Н. 
Sidgwick noted that 9.995 of 17,000 sub- 
jects had experienced at least one vivid 
visual, auditory or tactile image of a living 
being or object while completely awake", 
The appearance of ghests is shaped by 
cultural expectancies and beliefs about 
what a ghost should look like. Mental 
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Fig.2 a, A remote viewer's drawing of the target site shown in b, an A-frame house and steps, 
purportedly using ESP. When taken to the target area, the subject was delighted when he discovered 
the view from above the house, halfway up the steps (c). When an independent judge visited the 
target he was convinced that the correctly matching drawing was d. This had actually been 
produced for another target site, a railway station (see ref. 4). 


images can be easily misinterpreted in 
terms of pre-existing beliefs”. 

Expectancy or mental set provides the 
framework within which we organize new 
experience. Human cognition is not a 
simple copying process but entails a con- 
structive striving or ‘effort after meaning’. 
What we experience is often more a 
confirmation of belief than a matter of 
plain fact. Beliefs are not automatically 
updated by the best evidence available, 
but have an active life of their own and 
fight tenaciously for their own survival. 


They tell us what to read, what to listen | 
to, who to trust and how to rationalize | 


contray information *??7, 


Selective exposure protects beliefs from 
more dramatic forms of contradiction. 
When the mentalist U. Geller visited the 
city of Dunedin in New Zealand there 
were seven different opportunities to 
obtain information abut his alleged psy- 
chic abilities: four media interviews, two 
newspaper stories and one stage perform- 
ance. Of 17 subjects who, before Geller's 
visit, were already ‘believers’, 15 selected 
three or more of the available exposures. 
Of 20 ‘non-believers’, only 10 selected as 
many as three exposures (x?(1)- 6.13; 
P « 0.02). 

A further problem is that when we are 
exposed to relevant information, our 
opinion revisions are often less than 
optimal, and we act like conservative 
Bayesians?5, with a confirmation bias??. In 
a recent 'ESP' demonstration to a class of 
226 psychology students, presented as an 
exercise in observation, I performed five 








mentalists's tricks consisting of: (1) cor- 
rectly naming a colour written out of sight; 
(2) correctly transmitting a colour name 
to a volunteer who, like me, had not pre- 
viously seen it; (3) helping a volunteer 
correctly to read messages sealed inside 
envelopes or to appear to transmit 
messages to me; (4) producing bent keys 
which I had not previously touched; and 
(5) moving or stopping the hands of a 
watch in a mysterious manner. 

Although at no time did I claim to be 
psychic, 9096 of the class stated that I had 
demonstrated psychic ability. When the 
results from subjects who had previously 
been classified as *believers' and 'sceptics' 
were analysed separately, 7996 of believers 
thought at least three of the five effects 
were psychic compared with only 4396 of 
sceptics (P « 0.001). 

Naturally, we often encounter informa- 
tion that is unexpected or ambiguous. In 
such instances, there is a second line of 
defence: the data can be selectively per- 
ceived or even misperceived so that they 
still appear to support our beliefs by 'sub- 
jective validation'^. One illustration of this 
powerful cognitive defence in the context 
of ESP research is the strong conviction 
that one has successfully viewed a com- 
plex target site by ESP in a remote-viewing 
experiment even when one is completely 
wrong (Fig. 2). 

There are many now-classic examples 
of subjective validation: the prophecies of 
the Delphic Oracle and Nostradamus”, 
the discovery of N-rays!, phlogiston, Vul- 
can, the canals on Mars, flying saucers, 








Freud’s interpretation of dreams, preju- 
dice, faith-héaling, the placebo effect, 
bone pointing and the ‘evil eye’. Beliefs 
of all kinds tend to be self-perpetuating. 
Coincidences. Psi phenomena consist of an 
experience, image or thought matched by 
some other similar experience, image or 
thought. Collections of such coincidences 
have been published by A. Koestler®, L. 
Rhine,® and others based on the assump- 
tion that odd-matches of events cannot 
occur purely by chance. 

Probability theory shows that an event 
which is improbable over a short run can 
become highly probable over the long run. 
If five coins are tossed all at once on a 
single occasion the probability of obtain- 
ing five heads is 2-5 or approximately 0.03. 
If the coin tossing is repeated 100 times 
the probability of five heads somewhere 
in the series is approximately 0.96. 

The principle of the long run is easy to 
grasp in simple situations but much less 
visible in the more chaotic world of spon- 
taneous human experience. Calculation 
shows how easily Koestler could obtain 
his 40-plus odd-match anecdotes. Assum- 
ing that in an ordinary day a person can 
recall 100 distinct events, there are ‘°C, 
or 4,950 pairs of events per day. Odd- 
matches can be remembered for years, per- 
haps 10 yr or 3,650 days. If Koestler knew 
1,000 people, he could draw upon a total 
pool of 4,950 x 3,650 x 1,000, or more than 
18x10? pairs of events. That Koestler 
obtained 40 striking odd-matches seems 
hardly surprising. 

Koestler's fallacy (see ref. 4) is certainly 
not unique to him, although he was one 
of a small group of analysts who wanted 
to make a scientific revolution out of it. 
The fallacy is widespread and séveral 
biases contribute to it. First, we notice and 
remember odd-matches. Second, we do 
not notice non-matches. This triggers the 
short-run illusion that makes the odd- 
match seem improbable. Third, we are 
normally poor estimators of probabilities, 
especially for combinations of events. 
Unseen causes. Another class of psychic- 
looking experiences is generated by invis- 
ible chains of cause and effect which bias 
the probabilities away from chance levels. 
Failure to randomize target stimuli 
properly in ESP experiments is a good 
example of this. Thus, Tart reported a 
successful ESP experiment in which his 
subjects learned to score above chance in 
guessing which of 10 digits was displayed 
by an apparatus in another room following 
the presentation of feedback)". The ran- 
dom number generator  mistakenly 
avoided using the same digit twice in suc- 
cession, a bias which is matched by the 
pervasive ‘gambler’s fallacy’. When Tart 
removed this bias, the ‘ESP’ also disap- 
peared®, 

Another unseen factor, used by illusion- 
ists, is the ‘population stereotype’. The 
performer ‘sends a message’ to the 
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Fig. 3 а, The average resistance to change scores for ‘believers’ (В) and ‘sceptics’ (S) for 
subordinate (Sub), superordinate (Super) and belief constructs. Believers showed a significantly 
higher resistance to change for superordinate constructs than sceptics. b, The total number of 
implications for the same sets of constructs. The interaction between group and construct-type 
was highly significant (F(2, 42) = 9.14, P<0.005). Believers saw significantly more implications 
in changing positions on superordinate constructs than did the sceptics, while sceptics saw 
significantly more implications in changing their beliefs than believers (P «0.05 for both com- 


parisons). 


audience, saying “I am thinking of a num- 
ber between 1 and 50, both digits are odd, 
and different". Controlled experiments 
show that the most common response for 
the 1-50 problem is 37, which accounts 
for 30-35% of all responses, and the 
second most common response is 35 (20- 
2595)". If the performer always says he 
had been thinking of 35 and then changed 
his mind to 37, at least 50% of the 
audience will be thinking of the ‘correct’ 
number. 

Human beings never behave randomly. 
Our experiences contain many culturally 
shared elements such that particular items 
are associated with particular verbal con- 
texts. This causes associative networks to 
be set up and a tendency towards non- 
random, stereotypical responses even 
when there is freedom to choose. 

Other unnoticed causes of putatively 
psychic effects include subliminal and 
non-verbal sensory cues® which may 
lead to common thought patterns in 
different people, presenting the illusion of 


telepathy. 
The ‘will to believe. What factors 
differentiate believer from sceptic? 


Psychologists down the ages have puzzled 
over the question of what motivates 
different world-views and the so-called 
will to believe. Research conducted by J. 
Waugh used Kelly's personal construct 
theory. In this framework", people vary 
in the quality and extent of their investiga- 
tory procedures so that, while some may 
be working to establish an ordered and 
meaningful world which is not highly pre- 
dictable or readily explained, others may 
be content that they already have all the 
necessary explanatory constructs. 

In Kelly's theory, each individual deals 
with the world in terms of a hierarchial 





system of constructs with which people, 
objects and events are compared, con- 
trasted and predicted. Core constructs 
have relatively superordinate positions 
and a large range of convenience while 
peripheral constructs are relatively subor- 
dinate and more easily altered. Waugh 
compared the personal construct systems 
of sceptics and believers in the paranormal 
using a belief questionnaire. Ten subor- 
dinate and ten superordinate®™ constructs 
were generated using standard procedures 
and each subject’s constructs were tested 
for their relative resistance to change and 
the number of implications entailed by 
changing the subject’s preferred pole on 
the 20 constructs and 10 paranormal 
beliefs (Fig. 3). 

Believers’ core constructs were sig- 
nificantly more resistant to change and 
there was a parallel difference in the num- 
ber of implications resulting from changes 
at the superordinate level. Compared with 
sceptics, believers seem to possess much 
tighter construct systems in which any 
change at the core level implies a sig- 
nificantly greater upheaval or threat. 
Waugh also found that believers had sig- 
nificantly higher neuroticism scores than 
sceptics (see also ref. 68). These data are 
congruent with those reported by Zusne 
and Jones?" who found that believers are 
less flexible than sceptics when confronted 
with disconfirming evidence. Content 
analyses of believers' construct systems 
indicate the presence of spiritual, non- 
materialist constructs at superordinate 
level. Such core constructs are not easily 
shaken because they are closed off from 
empirical considerations and appear to be 
impermeable to rational persuasion. 
Hence the feeling of futility experienced 
in trying to hold rational discussion 








between believer and sceptic; one could 
well be arguing about the existence of 
God. Belief in the paranormal is metaphy- 
sical and therefore not subject to the con- 
straints of empirically based science. 

Parascience has all the qualities of a 
magical system while wearing the mantle 
of science. Until any significant dis- 
coveries are made, science can justifiably 
ignore it, but it is important to say why: 
parascienge is a pseudo-scientific system 
of untestable beliefs steeped in illusion, 
error and fraud. 

I thank Jerry Andrus, Bob Audley, Ray 
Hyman, A. R. Jonckheere, Peter McKel- 
lar, J. Randi, Christopher Scott, Jean 
Waugh and many colleagues in CSICOP 
for useful discussions and information. 
The late Richard Kammann contributed 
substantially in the earlier stages of this 
research. 
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A new class of metals has been found in which the electrons have effective masses orders of magnitude 
larger than the free-electron mass. Some of these metals are superconducting at low temperatures. This 
superconductivity seems to be unconventional, with an underlying mechanism different from that in 


all other known superconductors. 








AMONG the main developments in physics since the 1930s have 
been the discovery and exploration of new ground states of 
condensed matter. Each of these discoveries opened a new 
chapter in the physics of condensed matter; recent examples 
are spin- and charge-density waves in metals, the superfluid 
state of liquid "He and the quantized Hall effect. Very recently 
an exciting new class of metallic materials has been discovered 
with remarkable properties and showing signs of further new 
ground states. (A general compilation of data, with references 
current as of mid-1984, can be found in ref. 1.) 

The terms ‘heavy-electron metal’ and ‘heavy-fermion system’ 
have been introduced to describe materials in which the elec- 
tronic states have a characteristic energy orders of magnitude 
smaller than in ordinary metals. If we write the energy e(k) in 
a free-electron form (e(k) = h?k2/2m*), then since the wave- 
vectors k of the electron determined by the interatomic spacing 
are not much different, the effective mass m* must be orders of 
magnitude larger than the free-electron value and in some cases 
m* is a fair fraction of the proton mass. These materials are 
intermetallic compounds in which one of the constituents is a 
rare-earth or actinide atom, with partially filled 4f- or Sf-electron 
shells. At high temperatures these materials behave as if the 
f-electrons were localized on their atomic sites, as in conven- 
tional rare-earth and actinide compounds, where any itinerant 
electrons are in states derived from loosely bound atomic s-, p- 
and d-orbitals. As the conventional materials are cooled, the 
atomic moments due to the f-electrons order spontaneously, 
mostly antiferromagnetically, less often ferromagnetically. By 
contrast, in the heavy-electron systems some of the f-electrons 
become itinerant at low temperatures and form a metallic state 
with the characteristics described above. 

Recently the exciting discovery was made that in some of 
these new materials the heavy electrons form a superconducting 
state at very low temperatures^^5, Superconductivity in ordinary 
metals is associated with an instability of itinerant electrons; 
thus it was surprising that it should also occur where normal- 





* Permanent address: Eidg. Tech. Hochschule, ETH-Hónggerberg, 
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state properties are dominated by nearly localized electrons. 
Various features of this superconducting state are unusual, 
leading theorists to speculate that not only is the mechanism 
driving this superconducting transition unconventional, but also 
that the configuration of the superconducting state is different 
from that of an ordinary superconductor. Instead of an interac- 
tion between electrons that is mediated by phonons (lattice- 
vibrational quanta), which leads to an essentially isotropic gap 
in the spectrum of electronic excitations, it is envisaged that a 
Coulomb interaction between heavy electrons induces a super- 
conducting state in which the energy gap is strongly anisotropic. 
If this could be definitely established, it would be the culmina- 
tion of a long search for this phenomenon. 

There is no doubt that a proper understanding of this super- 
conducting state requires a clear understanding of the preceding 
normal state with its remarkable properties. Early theories of 
the properties of metals always assumed that, whereas the con- 
duction electrons interact with the ionic lattice forming the solid, 
they do not interact at all among themselves. Quantum statistics 
then determine the low-temperature properties of this electron 
gas, two of which are of particular importance in the context 
of our discussion. The specific heat of this electron gas c, varies 
linearly with temperature as T0 K (that is, c, — УТ). The 
low-temperature magnetic susceptibility, x, is independent of 
temperature. In this simple theory the ratio 


x/ y 73 ит (1) 


is obviously a universal number. шв = 9.27 x 10 ?! erg G^! is the 
Bohr magneton and kg = 1.38 x 10 !5 erg K™ is the Boltzmann 
constant. The factor which determines the magnitude of both x 
and y is the density of electronic states per unit energy, N (Ep), 
at the Fermi energy E;.( Еу is the energy up to which all possible 
states of the electron gas are occupied at T = 0 K.) Hence N(Er) 
varies inversely with the characteristic energy of the electrons, 
leading N(Eg) to be proportional to m*. This simple concept 
is quite adequate to describe the qualitative low-temperature 
features of simple metals, for which y is of the order of 1 mJ 
mol! K^!, y «10? e.m.u. mol! and Tp= Ep/kp, the Fermi 
temperature, is ~10*-10° K. The experimental facts quoted in 
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Fig.2 The Curie-Weiss behaviour of the magnetic susceptibilities 
x of CeAl, and UBe,, above 100K is evidence for localized 
f-electron moments. The low-temperature saturation (inset) for 
0 CeAL, however, demonstrates the itineracy of the f-electrons below 
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Fig. 1 Temperature dependence of the electrical resistivity p of 

four different heavy-electron compounds below room temperature. 

The high values indicate very strong scattering of the electrons but 

the distinct features and the resistivity decrease at low temperatures 

demonstrate that these are not simply ‘dirty’ metals. The inset 

reveals the T? dependence of the p of CeAl, at very low tem- 
peratures. 


the next section should not only make it clear that these 
parameters are very different in this new class of materials but 
also demonstrate the intriguing transition from localized to 
itinerant behaviour of these heavy electrons. 


Normal-state properties 


First we consider the electrical resistivity p. In ordinary metals 
p decreases rapidly with decreasing temperature below 300 K, 
from values that are ~1-10 pQ cm. In heavy-electron materials 
p 100 uQ ст at room temperature. It often increases with 
decreasing temperature and only after passing over a maximum 
at T'«: 50 K does p decrease to low values as T0 К. Figure 1 
shows examples of this behaviour in CeAl;, CeCu;Si,, UBe,; 
and U,Zn,7. CeAl, was the first to be identified as a heavy- 
electron metal’. It stays normal to the lowest temperature investi- 
gated (--1072 К) and therefore can be used to study the heavy 
electrons in their normal state. For CeAl, it is found that 
although p reaches a maximum value of the order of 200 uO ст 
at 35 К, it drops to less than 1 pQ cm at T=0 K, where this 
residual value of the resistivity is determined by impurities and 
imperfections of the crystal lattice as in ordinary metals. As an 
intriguing fact it was noted that p cc T? at the lowest temperatues 
with a remarkably large pre-factor of 35 uQ cm K~?, indicating 
a very effective, temperature-dependent scattering mechanism 
even at these very low temperatures. (See inset, Fig. 1.) 

The first observation of superconductivity in heavy-electron 
metals was made in CeCu,Si, (ref. 3), and this was quite unex- 
pected. As shown in Fig. 1, its p(T) is very anomalous in the 
normal state. The increase of p seems to saturate below 100K 
but reaches a pronounced maximum in the vicinity of 10K 
before it decreases rapidly and finally vanishes discontinuously 
at the superconducting transition around 0.5 K. UBe,3 is a 
5f-electron-based heavy-electron system, and is also becomes 
superconducting below 1 K (ref. 4). Its p(T) is indeed very much 
like that of СеСи,51,, but the characteristic structures (shoulder 
and peak) are shifted to lower temperatures. The decrease of p 
below 2.5 K is interrupted by the superconducting transition at 


1.5 K. For U;5Zn;;, the tendency to saturation is interrupted bv a 
sharp drop of y due to antiferromagnetic ordering. 


0.9 K, Finally we consider the p (T) of U;Zn,;, a substance that 
orders magnetically from a heavy-electron state?. Here the 
maximum resistivity is observed at 17 K and the rapid decrease 
of almost two orders of magnitude occurs below 10 K. 

Magnetic moments that are due to partially filled 5f-electron 
shells of individual atoms give rise to the familiar Curie- Weiss- 
type behaviour of the magnetic susceptibility y with varying 
temperature; that is, y ! occ(T— 6,) where 6, is the paramagnetic 
Curie-Weiss temperature. This type of behaviour is clearly 
reflected in the plots of y~! versus T for CeAl, and UBe,, in 
Fig. 2. Deviations from this simple behaviour are apparent at 
T<100K but they can still be ascribed to local f-electron 
configurations. In both materials y saturates only at T<1.5 К 
(see inset, Fig. 2). Іп UBe,3, x jumps discontinuously to the 
ideal diamagnetic value of (47) ! at the superconducting transi- 
tion (at T,— 0.9 K). For U;Zn;;, we show x( T) below 100 K; 
note the trend to saturation and the broad maximum at 17 K. 
The sharp decrease just below 10 K is due to an antiferromag- 
netic phase transition. The saturation values of y for all three 
materials are very large compared with those of normal metals 
(3.6x 1072 emu то! CeAl; 1.5x107?emu mol ' UBe,;, 
245x107? emu mol"! 0,2,3). 

As mentioned above, the electronic specific heat of ordinary 
metals can be described by a single term, c? = yT at temperatures 
below 10 K. That this is not the case for heavy-electron materials 
is shown in Fig. 3, where we plot с! Т against T for CeAl, 
CeCu;Si; and UBe,, for temperatures between 1 and 10K 
(Fig. 3a) and for UPt, (ref. 6) between 1 and 17K ( Fig. 3b). 
For ordinary metals, such a plot would result in a straight line 
with a positive slope and an ordinate —1mJ mol! K^ at 
T —0 K. For heavy-electron materials in general, the ratio ср/ Т 
rises considerably with decreasing temperature in this tem- 
perature range, starting from values of about 100 mJ mol! K~?, 
The temperature dependence itself might be loosely interpreted 
by stating that the y parameter is no longer constant but is 
strongly temperature-dependent . Below 1 K, the сы/ T of CeAl, 
rises to a maximum of more than 2J mol"! K^? at about 0.5 К 
and finally saturates at ~1.6 J mol ! K^? as T approaches 0 K. 
For both CeCu,Si, and UBe;;, cy/ T rises in a very similar way 
but then saturates around 1 K and remains almost constant until 
a specific-heat anomaly indicates the transition to the supercon- 
ducting state, as is shown , for example, for.UBe;, in Fig. 3c. 

As outlined in the introduction, these very large values of 
the с/т ratio (or у value) as T approaches 0 К must be 
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Fig. 3 The low-temperature specific heat c, of these materials is 

unusually large. The values of T=1 K are more than a hundred 

times larger than for ordinary metals and originate in the strong 

interactions between electrons. An analytic form describing the 

experimental data has been found only for UPt,; this is indicated 

by the solid line in b. The specific-heat anomaly of UBe,; (c) below 
1K is due to the transition to the superconducting state. 


interpreted as evidence for enormous densities of states at Ер 
in the electronic spectrum of these substances. This in turn 
implies very large effective masses for these electrons, and hence 
provides the name now generally used for these systems. 
Although both y and y are enhanced in these materials above 
the values seen in ordinary metals, their ratio х/ y is comparable 
to that defined in equation (1). 


Phase transitions within heavy-electron state 


Superconduetivity. Тһе discovery of superconductivity in 
CeCu;Si; by Steglich et al? was surprising because it violated 
many long-held beliefs in the field.-In particular, the Curie- 
Weiss-type high-temperature magnetic susceptibility suggested 
local magnetic moments on the Ce atoms, and these are known 
to depress conventional s-state (or singlet) superconductivity by 
breaking up the Cooper electron pairs. 

The specific-heat anomaly (shown for ЏВе;з in Fig. 3c) at the 
superconducting transition temperature (critical temperature, 
Т, scales with the normal-state value, giving not only convincing 
proof of bulk superconductivity but also hard evidence that 
у(= с/ Т) is really due to a large density of states of itinerant 
electrons. The superconducting energy gap opens in the large- 
mass band; the f-electrons are therefore intimately involved in 
the superconductivity. It is important to distinguish this 
behaviour from that of the Chevrel-phase and ternary-boride 
magnetic superconductors’. In these latter we have an indepen- 
dent sublattice of magnetic ions, the magnetic order parameter 
of which competes with the superconducting order parameter 
of the essentially separate conduction electron system; in the 
heavy-electron materials it is one and the same set of electrons 
which deliberates between superconductivity and magnetism. 

Arguments given below suggest the possibility that the super- 
conductivity observed in these materials may not be of the 
s-state, isotropic type usual in the Bardeen- Cooper-Schrieffer 
(BCS) theory of superconductivity*. It may instead be an aniso- 
tropic p-, or possibly d-state type also possible in a generalized 
BCS ‘theory, and now quite firmly established as the pairing 
state in superfluid *He (ref. 9) but previously unknown in metals. 
Anisotropic superconducting states may have zeroes of the 
superconducting energy gap on the Fermi surface and these lead 
to non-exponential temperature dependences below T, in 
experimental measurements such as specific heat, ultrasonic 
attentuation, thermal conductivity and NMR relaxation rates. 

The experimental situation can be illustrated with data for 
UBe,; and UPt,. In UBe,3, the superconducting specific-heat 
jump at 7, (see Fig. 3c) is ~50% larger than the weak-coupling 
BCS prediction, placing it very squarely in the strong-coupling 
regime. Below 74 the specific heat varies with a power law close 
to T „теѓ. 10). Ultrasonic attentuation’! and NMR relaxation 
rates'* also follow power laws, as shown in Fig. 4. Deviations 
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Fig. 4 Examples of the power-law-type temperature dependence 
of various properties in the superconducting state of UBe,; and 
UPt,, indicating anisotropic gaps in the electronic excitation spec- 
trum. Conventional isotropic superconductivity would result in 
exponential temperature dependences for all these physical quan- 
titites. a, Specific heat of ОВе;; ( eT ); b, inverse spin-lattice 
relaxation rate of *Be in UBe,, (ос T 2 c, ultrasonic attenuation 
in UPt, (ос T’). 


from exponential behaviour are found in conventional supercon- 
ductors containing many magnetic impurities, but the behaviour 
of the heavy-electron superconductors cannot be explained in 
this way. In addition, ultrasonic attenuatión experiments on 
UBe,; (ref. 13) reveal a peak in attenuation just below Т. a 
feature not observed previously in any other superconductor, 
again suggesting an unconventional form of superconductivity. 

The effect of substitutional impurities on the T, of supercon- 
ductors is often informative, because impurities carrying local 
magnetic moments depress T, in conventional superconductors 
in a way which varies from impurity to impurity in a predictable 
way. Local moments are, as mentioned above, strongly pair- 
breaking for s-state superconductors. In UBe;;, the substitution 
for U of rare-earth impurities with local moments leads to fairly 
rapid depressions of T., but there is no observable difference 
between those rare-earths which carry local moments and those 
which do not. Lutetium, for example, at a concentration of 3 
atom per cent (at. %) in UBe,3 has pushed T, to below 20 mK. 

Thorium substitution for U is quite peculiar (Fig. 5). Instead 
of a monotonic depression of T, as observed for the rare-earth 
substitutions in ОВе;з, an initial depression is followed by a 
plateau or even a slight rise in T, at 0.6 K between 2 and 4 
at.% Th, after which T, again decreases, the specific-heat jump 
being sizeably reduced by the time the Th concentration reaches 
6 at.%. Completely unexpected was the finding that there are 
actually two consecutive second-order phase transitions of com- 
parable magnitude in the plateau region, the lower-temperature 
one being at approximately 0.4 K (ref. 15). Experiment shows 
that these samples remain superconducting below the second 
transition. 

This second transition involves an ultrasonic-attenuation 
anomaly that is two orders of magnitude larger than the first, 
superconducting one! . The similarity to anomalies observed by 
this technique at magnetictransitions led these authors to suggest 
that it might be a spin-density-wave transition. The ordered 
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Fig. 5 Influence of small amounts of Th substitution for U in 
UBe,; (ref. 15). Non-magnetic impurities in superconductors 
usually lead to smooth depressions of the critical temperature T.. 
For 0.02 < xr, « 0.04, a second phase transition occurs at about 
0.4 К. Its nature is still not well established. Ө, T., obtained from 
magnetic susceptibility; €, T., obtained from specific heat. 
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Fig. 6 Electronic specific heat of U5Zn,; at low temperatures. 
The anomaly is due to the antiferromagnetic ordering. The finite 


ordinate at T=0 K. indicates that 40% of the large electronic 
density of states is unaffected by the transition. 


magnetic moment would be ~0.01 u5/U, consistent with the 
upper limit set by both NMR and neutron scattering experi- 
ments. However, there appears to be no theory at present which 
can explain how a spin-density wave and superconductivity 
could co-exist in the same large-mass band. 

Another possibility is that the second phase transition is to a 
second superconducting state. This certainly would require some 
kind of unconventional superconductivity. The remaining 
possiblity of a simple structural phase transition is unlikely 
because, by experience, impurities tend to suppress, not 
enhance, such transitions. 
Magnetism. We illustrate the occurrence of magnetic order in 
heavy-electron metals with the example of U;Zn,;. It orders at 
a transition temperature Ty —9.8 K into a simple antiferromag- 
netic structure with an ordered moment of approximately 0.8 иь 
(ref. 17). This value is considerably smaller than the Curie- Weiss 
effective moment of 3.3 ug. Just above Ty, y = 504 mJ per mol 
UK”, falling to a limiting value of 198 mJ per mol U K^? as 
T 50 К as shown in Fig. 6. 

The specific-heat anomaly at Ty, shows that the magnetism 
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involves the heavy electrons. Also note that the residual у i« 
still very large, indicating that some heavy electrons survive in 
the magnetically ordered state. The magnetic transition can he 
thought of as removing 6096 of the Fermi surface, and this 
seems to be a general feature of the other known magnetically 
ordering heavy-electron systems. These systems resemble 
itinerant-electron magnets such as chromium, not loca!-moment 
magnets. This resemblance is strengthened by the fact that the 
magnetic order іп U, Zn, is strongly affected by substitution 
on the Zn sites, completely unlike usual local-moment behaviour 
and very reminiscent of what is observed in Cr. 


Theoretical understanding 


The fascinating and unusual properties of the heavy -electron 
metals have attracted the attention of many theorists. Their work 
can be divided into two broad categories: first, attempts to 
construct a microscopic theory of the normal-state properties, 
and second, the use of phenomenological models to examine 
the experimental consequences of, and the tests for. unconven- 
tional superconductivity. Several summaries of current theories 
have recently been published!9-?9, 

Normal state. The starting point for the microscopic theories i« 
a periodic version of the model hamiltonian introduced man: 
years ago by P. W. Anderson?!, which serves to describe a single 
rare-earth or actinide impurity in a conventional metal. There 
are three parts to this model. One part describes the conduction- 
electron states derived from s- and p-states as free-electron states 
and all effects of the Coulomb interaction among these electrons 
are ignored. In the second part the f-atomic states are described 
as a set of degenerate energy levels, but because these f-states 
are spatially localized in the vicinity of the atomic core, the 
Coulomb interaction between electrons in these states is large 
and must be included. Consider what will happen if the energy 
of the degenerate set of f-levels is considerably below the Fermi 
energy Ер, but the strong Coulomb interaction prevents the 
f-states from being completely filled. There are nov. several 
ground states of the system, because the partially filled f-level 
can have more than one configuration. The third and cumplicat- 
ing part of the Anderson model is the term which describes 
so-called hybridization, or electron transfer between the f-states 
and the conduction states. This hybridization is in general a 
small term, but it allows the possibility of making transitions 
within this degenerate (in energy) set of ground states so that 
one particular combination becomes the true ground siate. This 
process has been extensively studied for the single-site impurity 
case, where it is known as the Kondo effect, after J. Kondo, 
who posed the problem more than twenty years ago". After 
many years of theoretical work, exact analytic solutions for this 
case have been obtained. The solution is characterized by a 
non-degenerate ground state in which the magnetic susceptibility 
X is finite and the entropy associated with the partially filled 
f-states vanishes linearly in temperature so that th? excess 
specific heat (associated with the impurity) is ~ УТ. The ratio 
x/ y can be enhanced by up to a factor of 2 from the universal 
form in equation (1). The mixing between the conduction states 
and the f-states leads to a very large electrical resistance in the 
limit as Т>0К. 

In the heavy-electron metals the f-state atoms sit on periodic 
lattice sites and the problem is no longer exactly soluble. Some 
authors (see refs 18-20) have suggested simply applying what 
is known about the single-site impurity problem by considering 
a set of single-site impurities on the lattice. The lattice problem 
differs from the single-site problem in that coherent states tin 
solid-state physics terms, Bloch states) can be formed. In other 
words, the electrons can coherently propagate through the lattice 
in the same way that wave propagation is possible through 
coherent diffraction in any periodic set of scatterers. Thi- picture 
has many attractive features. The coherence of the electronic 
State causes the resistivity to vanish, thus explaining the low 
residual resistivity quoted earlier. Secondly the energy scale on 
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which this coherence occurs would be the single-site Kondo 
energy, which is determined by the weak hybridization process 
and is therefore small (typically 10-100 K). Because all the 
entropy associated with the degeneracies of the f-electron 
configurations is on the scale of the small Kondo energy, the 
coefficient y is much larger than usual and can reach the desired 
value of ~1 J mol! K^?. The magnetic susceptibility is corre- 
spondingly large because the opposition to the development of 
a magnetic moment in the ground state has as its characteristic 
energy the small Kondo energy. 

There are, however, objections to describing these systems as 
simple collections of single-site Kondo impurities. The descrip- 
tion lacks a clear microscopic derivation, and when one tries 
such a derivation the interaction effects between the sites do 
not seem to be negligible. An alternative approach is to consider 
that the essence of the lattice problem is the formation of the 
coherent Bloch states and that this comes about through the 
transfer of f-electrons from site to site. However, such transfer 
processes are severely inhibited by the strong Coulomb intra-site 
interaction which forbids extra f-electrons on a site. Therefore 
the only way to obtain f-electron transfer is to remove some 
f-electrons from the f-levels and place them in the higher energy 
states near the Fermi energy. This costs energy but it allows 
coherent hybridization processes to take place, which gain 
energy. The balance between these two processes leads to a 
small number of f-electrons being promoted to the higher energy 
states and a characteristic energy for the coherent state which 
has a form similar to the single-site Kondo energy. Again x and 
y are determined by this small coherent energy and are large, 
but the ratio y/y may now be larger than the value given by 
equation (1). A feature common to all approaches is that the 
large y values arise from the entropy associated with the 
degeneracy of the f-configurations or, in other words, the spin 
degeneracy of the f-states. Another way of describing this feature 
is that spin fluctuations of the f-electrons are the dominant 
electronic excitations responsible for the large values of y and 
y at low temperatures. 

There is another possible ground state for the lattice problem, 
namely a state with integral f-electron atomic configurations 
and ordered local moments on the f-sites. The energy com- 
parison between such a state and the heavy-electron state is an 
open theoretical question and until it is solved no theoretical 
predictions can be made as to which of these intermetallic 
compounds are the more usual antiferromagnetic metals and 
which are heavy-electron metals. 

Superconductivity. There is one condensed-matter system with 
strong spin fluctuations and a superfluid state: this is liquid 3He. 
(Note that ?He atoms have spin-1/2 and are fermions, whereas 
“Не atoms have spin 0 and are bosons. The 3He ground state 
is called superfluid rather than superconducting simply because 
3He atoms are neutral.) Liquid ?He solidifies at a modest press- 
ure, so that in the liquid state the 3He atoms are almost localized 
and therefore can flip their spins easily. In 3He the superfluid 
state is known to be an anisotropic p-state (that is, the Cooper 
pairs of *He atoms responsible for the superfluid state are in a 
relative p-state). It has been shown theoretically that the interac- 
tions mediated through spin fluctuations favour p-state super- 
fluiditity”. Also a relative p-state means a much reduced overlap 
between the fermions and so is favoured when there is a very 
strong short-range repulsion as is the case for 3He atoms. The 
analogy has been made by many authors on both grounds (that 
is, strong spin fluctuations and strong short-range repulsion) for 
the heavy-electron systems. In normal metals there is an attrac- 
tive interaction, mediated by the exchange of phonons, between 
electrons in states within a Debye energy, kg@p, of the Fermi 
energy, where Өр is the Debye temperature. The repulsive 
Coulomb interaction is reduced for these states because of the 
mismatch of the energy scale of the Coulomb energy, which is 
Ep and къб. Typically Е,бр/ Ep = 107°, but in the heavy-elec- 
tron metals kg05 = Ер so there is no mismatch. Nevertheless 
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some authors continue to argue for the dominance of phonon- 
mediated interactions, and therefore for an isotropic or relative 
s-state pairing. The microscopic theory of the electron pairing 
necessary to obtain superconductivity in these systems is as yet 
only qualitative. 

Much effort has been put into obtaining a proper description 
of p-state superconductivity in these crystalline materials which 
also have important spin-orbit interactions. By the use of group- 
theoretical techniques the allowed forms can be correctly 
specified, and there are many possible states which differ in the 
detailed form of the energy gap which is associated with the 
electron pairing. In usual s-state pairing the gap is simply 
isotropic in k-space and the electrons are in a relative spin-singlet 
state. However the global antisymmetry of fermions requires 
non-trivial structure for the gap in other pairing states where 
electrons are in spin-parallel or triplet states. As a result, in 
many of these states, the energy gap vanishes along specific 
directions in k-space. 

Clearly the very-low-energy excitations in superconductors 
with isotropic gaps will differ from those in superconductors 
with anisotropic gaps which vanish in certain directions. In the 
former, properties such as specific heat are exponential as T> 
0 K, whereas in the latter they exhibit power-law behaviour (as 
shown in Fig. 4) as Т> 0 K. The observation of such power-law 
behaviour, as discussed above (Fig. 4), is taken by many as 
evidence for anisotropic superconductivity. Unfortunately we 
lack a decisive way to determine the detailed symmetry of the 
superconducting state: the equivalent of X-ray and neutron 
scattering for lattice and magnetic transitions does not exist 
here. Therefore we must proceed by inference, which can lead, 
and indeed has led, to differing interpretations. 


Conclusions 


It is clear from the above that the heavy-electron metals represent 
an exciting new class of materials. They do not fit into the 
traditional classifications of materials with partially filled atomic 
shells; namely, metals, semiconductors or Mott insulators. At 
high temperatures they are essentially indistinguishable from a 
host of other rare-earth or actinide intermetallic compounds 
with local moments arising from the partially filled f-shells. But 
as the temperature is lowered, instead of forming magnetically 
ordered structures as is usually the case, these materials unexpec- 
tedly form an itinerant or delocalized metallic state. The elec- 
trons in this state have a much compressed energy scale and 
correspondingly high effective mass. The theoretical understand- 
ing of how such a state arises out of the f-electrons with their 
strong Coulomb interactions is today a very active problem and 
will undoubtedly lead to new insights into the general many- 
body problem. In particular we would like to know what the 
material parameters are which determine whether, and under 
what conditions, a material exhibits this heavy-electron state; 
we would also like to understand the nature of the residual 
interactions which characterize this metallic state. It is clear 
from the discussion above that the heavy-electron metallic state 
can display the phase transitions seen in many other traditional 
metals; namely, superconductivity (as in UBe,3) and weak (or 
itinerant) magnetism (as in U5Zn,;). But, as we have stressed, 
there are many intriguing signs that the superconductivity is not 
simply the usual isotropic (or s-state) kind. As we have also 
stressed, this anisotropic superconductivity is expected theoreti- 
cally when the mechanism responsible for the superconductivity 
is not the usual electron-phonon interaction. Thus it appears 
that at last such superconductivity has been found in metals. 
The confirmation of a second mechanism for superconductivity 
will spur the search for yet other mechanisms. One of the 
motivations in this long search was the hope that by achieving 
superconductivity through unconventional mechanisms, new 
and possibly higher energy scales would apply, leading to higher 
values of T,. This has not yet been obtained, but two important 
areas must continue to be explored. Materials scientists must 
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continue the search for a higher Т,, while theorists strive for an 
improved understanding of the factors which determine and 
limit T.. Even modest rises іп Т. in these materials might have 
important technical consequences in the generation of very high 
magnetic fields, as their superconducting state is extremely stable 
with respect to magnetic field intensity. 
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Variations in sea-surface temperatures over the past 500,000 years are inferred from the relative abundance behaviour of 
two organic compounds, C;; alkenones over the upper 8 metres of a sediment core from the eastern equatorial Atlantic. 
This molecular record, ascribed to contributions from prymnesiophyte algae, correlates well with the variations in the 8180 
signal for the calcareous skeletons of certain planktonic foraminifera, thus providing the first demonstration of a new 


stratigraphical technique, which may be especially valuable where methods based on carbonate 8180 fail. 





THE ubiquitous unicellular marine coccolithophorid Emiliania 
huxleyi (Prymnesiophyceae)! contains long-chain (C37-C39) di-, 
tri- and  tetra-unsaturated methyl and ethyl ketones 
(alkenones)^^ whose unsaturation changes with growth tem- 
perature in laboratory cultures?. These compounds also occur 
in contemporary bottom sediments’, presumably derived from 
phytoplankton in the photic zone of the overlying water column’. 
Differences in the alkenone unsaturation of contemporary sedi- 
ments from two different climatic regimes? suggest that this 
feature might reflect, and thereby provide a measure of, water 
temperatures іп the euphotic 2опе!9, Accordingly, the distribu- 
tion of alkenones in many Quaternary marine sediments from 
various latitudes of different mean sea-surface temperatures 
(SST) has been examined. We now report the alkenone unsatur- 
ation in a gravity core from the eastern equatorial Atlantic ocean, 
covering the past million years, and compare this record with 
that of the 8'*O of planktonic foraminifera, an established 
indicator of a combination of global ice sheet variations and 
local SST in the euphotic zone! 2, 


Organic compounds 


Improved chromatographic and spectrometric methods for the 
analysis of complex mixtures have greatly extended the number 
and variety of organic compounds identified in geological 
materials" and have aided the better understanding of their 
origins and sedimentary fate’*'*. Often, such marker compounds 
in bottom sediments can be directly related to their source 
organisms'*; a record that can survive passage through food 
web processes? and, subsequently, consolidation and the effects 


of diagenesis’. Such signals best escape disturbance by post- 
depositional heterotrophic (notably microbial) activity! in areas 
of high sediment accumulation rates and low geothermal 
gradient’, as in the deep sea. 

The search for organic compounds that are diagnostic of their 
biological origins in marine sediments!” and sediment traps’? 
has led to the recognition of specific lipid markers for many 
different types of organisms, including algae such as dinoflagel- 
ізге! 929 bacteria, notably methanogens?!, and terrestrial higher 
plants, such as conifers”. In addition, there is the possibility 
that their distribution patterns may depend on growth condi- 
tions; indeed, aquatic organisms can biosynthetically tailor their 
lipid composition to match environmental conditions of stress”. 
Specifically, they maintain the fluidity of their membranes by 
changing the molecular composition of the lipid bilayer, either 
in chain length or in unsaturation”. Laboratory culturing experi- 
ments show changes in lipid unsaturation, notably for carboxylic 
acids” and wax esters?, in response to temperature variations. 
These observations are likely to reflect the behaviour of phyto- 
plankton populations in the natural environment, which may 
also be preserved in the underlying sedimentary record. 


Long-chain alkenones 


The less labile constituents of marine phytoplankton include 
series of long-chain (п-С;; to n-C3g) alkenones^ which appear 
to be restricted to a few species of the class Prymnesiophyceae, 
notably coccolithophorids** of the family Gephyrocapsaceae. 
The unsaturation of such compounds shows a temperature 
dependence (more at lower temperatures)'in laboratory cultur- 
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Table 1 Alkenone unsaturation index (U%5) values for Quaternary marine sediments and for sediment trap material 





Samples 
Site* Location Codes No. UE Ref. 
Sediments 
A North Sea IGS SLN33, SP333CS 2 0.40-0.51 2 
B Porcupine Seabight D51704 1 0.54 6t 
C Japan Trench DSDP 440 4 0.51-0.55 2,471 
р Ionian Sea 10103 5 0.44-0.79 52 
E Ctetan Basin DSDP 378 1 0.66 53 
F Messina Abyssa] Plain DSDP 374 1 0.47 53 
G San Miguel Gap DSDP 467 1 0.58 54 
H Orca Basin DSDP 618 1 0.84 t 
I Gulf of California DSDP 479, 481 3 0.86-0.95 t 
J Middle America Trench DSDP 487, 491, 493 5 0.78-0.98 9t 
K Middle America Trench DSDP 494, 495, 496 3 0.84-0.92 t 
L Cariaco Trench DSDP 147 1 0.89 t 
M Kane Gap M16415-2 72 0.76-0.94 This paper 
N Sierra Leone Rise M13519 3 0.88-0.97 t 
о Peruvian Shelf 110 1 0.87 55 
P Peruvian Shelf BC7 5 0.23-0.70 44 
Q Walvis Ridge DSDP 532 1 0.56 17 
R Walvis Bay IOS 1/75 2 0.52 2 
S Corner Inlet — 1 0.56 56 
T South Atlantic DSDP 513 1 0.33 T 
Sediment traps 
P Peruvian Shelf — 8 0.26-0.56 43 





Codes refer to sample sites (DSDP 440 denotes Deep Sea Drilling Project Site 440) as specified in the refs. UX, denotes the alkenone unsaturation 
index. The terminology [U = unsaturation, К = ketone (alkenone), 37 = chain length of ketone] will allow for future use with different molecular 


parameters. 


К: 
Оз = 


[Csz:2] = [C374] 
[C37:2+ C37:3 + C37:4] 


where, for example, C37., represents the quantity of the C4; alkadienone, as measured by GC peak integration. U X can have values between —1.0 
(all C444) and +1.0 (all C37:2), but varies between +0.23 and +0.98 in Quaternary marine sediments, and between —0.2 and 41.0 for marine 


sediments of Albian to Holocene age®”*. 
* Letters A to T relate to sample latitudes shown in Fig. 1. 
ТІТ.М., S.C.B. and G.E., unpublished data. 


ing experiments with E. huxleyi and Isochrysis galbana?. The 
distribution patterns of these compounds appear largely unal- 
tered by food web processes, surviving digestion by copepods? 
and mussels*°. Alkenones are easily recovered from sediments 
by routine extraction procedures and can be readily recognized 
at subnanogram levels by capillary gas chromatography (GC) 
and gas chromatography/mass spectrometry (GC/MS) "s 
Since their first description?", these alkenones have been found 
in numerous Quaternary marine sediments" (Table 1), although 
they vary in their unsaturation. Here, this variation is expressed 
as an alkenone unsaturation index, UE (Table 1), defined as: 


0%, =[C37.2] - (C37:4]/[C37:2+ C37:3+ C374] 


For most sediments the absence of C,;4 simplifies U5; to 
[C39:2]/[C37:2+ C55] which varies inversely with unsaturation. 
Replicate GC analyses suggest that ОК, values are accurate to 


+0.02. In Quaternary marine sediments (Table 1), the greater f 


values for UE, which we interpret as corresponding to higher 
water temperatures, are seen in low latitudes, and the lowest 
values for UĶ are those for the highest latitudes (Fig. 1). This 
broad relationship suggests mutual trends due to the inherent 
global and regional variations in SST resulting from oceanic 
circulation features, such as gyres and upwelling of cooler 
intermediate water masses in subtropical latitudes. The overall 
correspondence, however, suggests that alkenone unsaturation 
in oceanic bottom sediments is an indirect measure of SST. The 
same series of alkenones has also been recognized in sediments 
of Pliocene, Miocene, Oligocene and Eocene аре? and, 
recently, in Cretaceous black shales”. 


Kane Gap sediments 


The direct assessment of water temperatures (and hence 
palaeoclimates) from molecular data requires testing by relating 
UX, to an established technique, namely the oxygen isotope 
(8180) signal for the carbonate tests of foraminifera. Herein, 
the correlation between the alkenone distributions (as 1/5 
values) and 5:80 (СаСО;) values for both planktonic and ben- 
thic foraminifera, is explored for a 13-m sediment core from 
near the Kane Gap, eastern equatorial Atlantic (Fig. 2). The 
core (M16415-2), collected during Meteor cruise 65 in 1983 (ref. 
29), possessed many features appropriate for this study. First, 
it provided an almost complete record of glacial/interglacial 
cycles over the past million years. Second, examination of a 
gravity core (M13519) from the nearby Sierra Leone Rise” 
(Table 1; Fig. 2) revealed sufficient quantities of alkenones to 
permit their evaluation by GC (Fig. 3) іп 2-3-cm sections of 
sediment cores from this region. Third, the oxygen isotope 
records of the planktonic and benthic foraminifera were deter- 
mined, using a new MAT 251 instrument capable, for the first 
time, of measuring single specimens (one or two), using modified 
standard procedures!^?! from throughout the sequence, except 
where precluded by carbonate dissolution. When combined with 
magnetic stratigraphy, oxygen isotope stratigraphy provides a 
high-resolution timescale for the past 3 Myr, correlated on a 
global scale????, 

The down-core variations in oxygen isotope compositions of 
the three species of foraminifera and in alkenone unsaturation 
(Fig. 4) show generally similar trends for the glacial/interglacial 

















NATURE VOL. 320 13 MARCH 1986 ARTICLES қ TE ..131 
Lat. Teo a 
60N 40 20 0 20 40 60°S , 0 10 20 
B сич JK R 8 b 
10 : 10 10 
"LN: 
olo 
0.8 27 «| E 0.8 0.8 
8 5 Ы 
0.6 H 2 0.6 0.6 2 
a о о 

1: $ Р ш E 

04 , § 04 o 104 = 

4 | 
0.2 ! ° 0.2 0.2 
25 
0.0 0.0 , 0.0 28 
А 2 з 4 зен ТЕТЕ 
-02 202 -0.2 
Te Tarr torr ңі 


Fig. 1 Alkenone unsaturation index (US) values (Table 1) for: 
a, Quaternary marine sediments at sites A to T (O) and sediment 
traps (6) plotted against latitude; and b, laboratory cultures of E. 
huxleyi? strain 92 (О) and strain 92d (6) and a plankton tow (x) 
off Cape Finisterre, plotted against water temperature. The vertical 
bars indicate where numerous samples fall within that particular 
range of values of US. The sediment trap data in a, which display 
a considerable range of values, would become a single, time- 
averaged value on sedimentation. 


159N 





Fig. 2 Locations of Meteor site M13519 on the Sierra Leone Rise 
and site M16415 in the Kane Gap (partly redrawn from ref. 28). 
Water depths are in metres. 


stages, that is, higher values of 5!*O, corresponding to cooler 
glacial episodes, are observed at those horizons with lower values 
of UE, and vice versa. The coccolithophorids held to be the 
principal organisms biosynthesizing the alkenones in the oceans 
inhabit the upper 150 m of the water column”, although they 
can occur at greater depths??. Thus, the 8180 record for the 
planktonic foraminifera ^ Globigerinoides —sacculifer апа 
Globigerinoides ruber should parallel that of alkenone unsatur- 
ation. These species occur in tropical warm waters where the 
810 values for their carbonate tests reflect ice volumes and 
local SST”, with the former more significant. By contrast, the 
benthic foraminifer, Cibiddoides wuellerstorfi, inhabits deeper 
water masses and its 8180 principally reflects the waxing and 
waning of ice sheets rather than sea temperatures”; it is therefore 
less relevant to 7%, than the planktonic foraminifera. Further- 
more, its sampling intervals are greater and the effects of its 
ecological disappearance are more pronounced, being sig- 
nificant as recent as Stage 6 (Fig. 4). Similarly, 8180 data for 
G. ruber are less complete than those for G. sacculifer, chosen 
for detailed comparison with the alkenone unsaturation. 





40 ' 45 50 7185 7 77 
Time (min) 


Fig.3 a, Gas chromatogram of total extract (СНҘОН, then 
CH;CL/CH3OH with sonication) of sample collected at 45-47 cm 
depth interval from core M16415-2 recovered from the Kane Gap 
(Fig. 2). Numbered peaks are n-alkanes: the number indicates the 
chain length; those designated A-H are alkenones^". A, Hep- 
tatriaconta-8,15,22-trien-2-one[CH3(CH,),3CH=CH(CH,);CH= 
СН(СН,);СН--СН(СН,) СОСН, В, heptatriaconta-15,22- 
dien-2-one[CH3(CH)29CH==CH(CH,);CH=CH(CH,),COCH,]; 
C, octatriaconta-9,16,23-trien-3-one; D, octatriaconta-9,16,23- 
trien-2-one; E, octatriaconta-16,23-dien-3-one; F, octatriaconta- 
16,23-dien-2-one; G, nonatriaconta-10,17,24-trien-3-one; H, non- 
atriaconta-17,24-dien-3-one. The relative proportions of C,;., and 
Сз. alkenones (peaks А and B, respectively) are typical of the 
lower Uš, values (0.78) for core М16415-2. b, Partial gas 
chromatogram of total extract of 5-7 cm depth interval from core 
M16415-2, illustrative of the higher 7% values (0.89) determined 
in this study. GC conditions: Carlo Erba 4160 instrument with 
on-column injection, fitted with 50-m CPSil 5CB flexible silica 
WCOT capillary column, temperature programmed from 60 to 
300°C at 6°C min™'. US$; values were calculated from the peak 
areas of A and B, determined using a VG Minichrom data system. 
Compound identifications were confirmed by GC/MS (Carlo Erba 
Mega chromatograph equipped with 25-m OV:1 flexible silica 
column, programmed as above, and coupled to a Finnigan 4000 
mass spectrometer). Data acquisition by INCOS 2300 data system, 
scanning m/z 50-600 at 1-s intervals. 


850 for G. sacculifer and UX, correlate well (r=0.932: 
Fig.5a) to almost 2m and are broadly parallel (r — 0.676; 
Fig. 5b) to 8m. Below 8m they show little agreement. The 
discrepancies in Fig.4 may stem from the low sampling ' 
frequency due to CaCO, dissolution, from bioturbation and 
core disturbance, or from the different intervals of 8180 and 
alkenone determinations. The excellent correlation between 
8'^0 for G. sacculifer and US, for the upper 2 m is striking, and 
includes the temperature profile characteristic of a gradual cool- 
ing and subsequent rapid warming over the interglacial/glacial 
cycle!!??5 of the past 120,000 yr. A general correspondence 
between the two data sets holds to 8 m, that is the past 550,000 yr. 
Such similarity of 8180 and US data suggests a common causal- 
ity, namely the systematic variations in the Earth's orbit, 
described by Milankovitch's theory?9?", Such orbital changes 
affect global ice volumes and the temperature of oceanic water 
masses, which are both reflected in the oxygen isotope composi- 
tion of planktonic foraminifera, such as G. sacculifer, whereas 
the alkenones produced by phytoplankton should reflect SST, 
but not any direct effects due to changes in global ice volumes. 
Fluctuations in alkenone unsaturation should therefore, be an 
indirect manifestation of the Earth's orbital cycles????, The 
discrepancies in the UX, and 6180 profiles raise the intriguing 
prospect that interpretation of their combination may constitute 
a general method for assessing the relative contributions of ice 
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Fig.4 Downhole plots of the direct measures of alkenone 
unsaturation index ( UŚ) for sediment extracts and of 8!*O values 
for foraminifera in Meteor core 16415-2. a, Alkenone unsaturation 
index (05; Table 1). b-d, 5130 values of СаСО; of foraminifera: 
planktonic G. sacculifer and G. ruber and benthic C. wuellerstorfi. 
Gaps between the 6180 data indicate complete dissolution of 
СаСО,. The sampling intervals for d are greater than those for a, 
b and c. The oxygen isotope stages?’ are indicated by numbers 
between the ordinates and their boundaries are designated by 
broken lines (Stage 3 is probably reduced due to an hiatus). The 
magnetic stratigraphy (thickening of ordinate) for the core is that 
determined by U. Bleil (personal communication). The general 
trends reflecting cooler and warmer temperatures are indicated. 


volume and SST within the oxygen isotope signal. Indeed, the 
direct correspondence between U$, and 5'*O values to 2m 
suggests that 5180 values may reflect SST more closely than 
originally thought—at least in this part of the ocean. 

The behaviour pattern of UE below 8 m (down to 1 Myr BP) 
differs significantly from that above 8 m. Diagenetic alteration 
of alkenone distributions and/or changes in the processes affect- 
ing alkenone degradation before burial, are unlikely to be 
responsible; a transition in the source organisms of the alkenones 
seems more probable. Such factors cannot be distinguished at 
present, but a possible source species”, the coccolithophorid 
Pseudoemiliania lacunosa, became globally extinct at a time ^! 
corresponding to a depth of —6.5 m within this core, and E. 
huxleyi first appeared «270,000 yr BP (at —4 т)“. Some ances- 
tor/predecessor species of E. huxleyi, such as Gephyrocapsa 
margereli?, must show similar alkenone compositional 
behaviour back to at least 550,000 yr BP (that is, 8 m). If vari- 
ations in alkenone unsaturation are indeed related to membrane 
fluidity and hence temperature, then this behaviour should be 
a general feature of such organisms. The extent of alkenone 
unsaturation of different species, however, need not be uniform 
at a given temperature. 


UX, temperature calibration 


The molecular rgcord of SST requires a defined link between 
the alkenone unsaturation index for relevant organisms and that 
for bottom sediments. There is a need to evaluate UX, for natural 
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Fig. 5 Regression plots of the alkenone unsaturation index (0%) 

for sediment extracts against 8180 for the carbonate of G. sacculifer. 

a, Interpolated data for 5-185 cm depth in Meteor core M16415-2; 

r = 0.932. b, Original data, 0-800 cm depth in Meteor core M16415- 
2; r=0.676. 


populations of phytoplankton, principally coccolithophorids 
such as E. huxleyi, collected from present-day oceanic water 
masses of known temperature at depths comparable to those 
where appropriate planktonic foraminifera produce their tests, 
and at times of maximum primary productivity. In the eastern 
equatorial Atlantic, the standing crop of E. huxleyi is probably 
highest during the winter months, by analogy with waters around 
Bermuda’. A plankton tow taken off Cape Finisterre (43*11' М, 
09°33’ W) in early July, from waters of 14°C containing E. 
huxleyi and Coccolithus pelagicus, yielded small amounts of 
alkenones with a US, of 0.46 (Fig. 1); a value comparable to 
those of sediments from similar latitudes. A broader base of 
alkenone data, however, exists for laboratory cultures of E. 
huxleyi grown at several temperatures? (Fig. 1), although these 
show discrepancies compared with those for sediments. For 
example, tetra-unsaturated alkenones (alkatetraenones) occur 
in the cultured algae^ at all temperatures?, but are rarely detec- 
ted in oceanic sediments, even when 1/5 is «0.4 (Table 1). 
Indeed, US, values of E. huxleyi grown at a given temperature 
are lower (Fig. 1) than those of sediments deposited beneath 
waters of similar temperature. However, the strains of E. huxleyi 
in culture were collected originally from the south-west 
approaches to the English Channel (~50°N; J. C. Green, per- 
sonal communication) and their tolerance to higher growth 
temperatures (20 or 25°C) may be limited. The influence of 
sedimentation processes on UE values, where zooplankton 
faecal pellets may facilitate rapid transportation of alkenones 
to bottom sediments’, has not been tested. The amounts of 
alkenones in the plankton tow off Cape Finisterre suggest that 
they may have been derived, in part, from semi-digested phyto- 
plankton in the guts of zooplankton within this sample (I.T.M., 
S.C.B. and G.E., unpublished data). Certainly, the range of US; 
values in sediment traps from Реги“ (Table 1; Fig. 1) requires 
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explanation, and the low U%, value for the surface sediment in 
this locality is also unexpected. The sedimentary record, 
however, represents a time-averaged signal, so that short-term 
fluctuations and extremes іп U* values may make little ultimate 
impact. 

The US values of sediments from the Kane Gap (Fig. 4) 
where SST remain at ~26 °C throughout the уеаг“ are greater 
than those of E. huxleyi? grown at temperatures up to 25 °С in 
the laboratory. For M16415-2 the extreme values of UX, differ 
by 0.18 over the entire core sequence and by 0.12 over the last 
warming episode, that is, Termination I. Laboratory cultures of 
E. huxleyi (Fig. 1) indicate that the latter value corresponds to 
a temperature change of 2-5 °C. Despite the obvious uncertain- 
ties in such calibration based on culture experiments this value 
is comparable to the 4°C reported for Termination I, based on 
February SST values for 18,000 yr BP and for the present day, 
estimated from foraminiferal assemblages?. 

Additional influences on U5 values will include the geologi- 
cal and evolutionary succession of species 941 that contributed 
alkenones to sediments??. Clearly, species-related effects on the 
distributions of alkenones need to be assessed, yet their biosyn- 
thesis is likely to be more conservative than the morphology of 
the algae. Diagenetic effects may also affect the US; record, but 
the notable absence of mono-unsaturated homologues in all 
sediments that contain alkenones suggests that chemical reduc- 
tion of alkenones does not occur, and argues against any effects 
on US$, stemming from diagenetic conversion of alkatrienones 
into alkadienones. 


Molecular geochemical indicators 


Future applications of molecular geochemical indicators of 
water temperatures will include evaluation of sediment sequen- 
ces deposited below the calcite compensation depth (CCD), 
where planktonic foraminiferal tests are not preserved. In core 
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M16415-2, alkenone data cover intervals lacking such tests, due 
to dissolution, for example, in Stage 12 (Fig. 4). In addition, 
alkenones occur as abundant constituents of diatomaceous 
oozes from the Japan Trench (Table 1) deposited below the 
CCD?^"^ and, consequently, bereft of calcareous foraminiferal 
tests. The alkenone unsaturation index may be a uniquely useful 
stratigraphical tool in such instances. Alkenones have also been 
detected in lacustrine sediments”, with US, values of +0.16 to 
—0.58, and could therefore serve as palaeoclimatic indicators in 
such environments. Future improvements in alkenone detection 
limits will reduce sample sizes and thereby increase strati- 
graphical resolution—althougfi this, inevitably, is limited by the 
extent of bioturbation. 

The alkenones are independent of isotopic factors, although 
subject to effects related to biochemical evolution and 
diagenesis. They are a single type of organic compound among 
the thousands known to occur in sediments"^, We anticipate 
that US is the forerunner of a substantial number of molecular 
parameters?" for assessment of environmental conditions of 
sediment deposition?'. To this end, we are now exploring corre- 
lations between molecular and other data using principal- 
component and spectral analysis and are investigating evidence 
for Milankovitch cycles in sedimentary alkenone data?" 
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We have cloned and sequenced the complete complementary DNA of the oestrogen receptor (ER) present in the breast 
cancer cell line MCF-7. The expression of the ER cDNA in HeLa cells produces a protein that has the same relative 
molecular mass and binds oestradiol with the same affinity as the MCF-7 ER. There is extensive homology between the 
ER and the erb-A protein of the oncogenic avian erythroblastosis virus. 





THE oestrogen receptor (ER) is found in a wide variety of 
species and is involved in the programming and regulation of 
gene expression in vertebrate female sex-accessory tissues (for 
reviews see refs 1 and 2). It has been suggested that the ER is 
localized predominantly in the nucleus^^ and that, following 
the binding of oestrogen, there is an increase in its affinity for 
some promoter elements of oestrogen-regulated genes (refs 2, 
5, 6 and references therein). Very little is known about the 
underlying molecular mechanism. 

Significant levels of ER have been detected in more than 50% 
of human breast cancers. Approximately 70% of these ER- 
positive tumours respond to anti-oestrogen therapy compared 
with only —596 of ER-negative tumours, suggesting a strong 
correlation between the growth of breast tumours in vivo and 
the presence of the ER’. Oestrogens have been shown to be 
mitogenic in the ER-positive breast cancer cell line MCF-7 (ref. 
8). The mechanism by which the binding of oestradiol to the 
ER results in stimulation of cell division is unknown, but several 
gene products are known to be induced (ref. 9 and references 
therein). Their role in promoting cell growth is unknown. 

We have described previously the isolation of complementary 
DNA clones corresponding to the human ER messenger RNA 
present in МСЕ-719 and we have now isolated and sequenced 
additional cDNA clones that cover the entire ER mRNA. We 
report here the sequence of the complete ER cDNA and its 
expression in HeLa cells, and show that there is extensive 
homology between the ER cDNA and the erb-A gene of the 
oncogenic avian erythroblastosis virus (AEV). 


Sequence of the ER mRNA and gene 


We have described previously the isolation of a 2.1-kilobase 
(kb) ER cDNA clone (AORS, see Fig. 1) using synthetic oligo- 
nucleotides corresponding to ER peptide sequences!?. Sequenc- 
ing of AOR8 showed that it contains a large open reading frame 
of 1,785 nucleotides, sufficient to encode the ER (relative 
molecular mass (M,) ~65,000; ref. 10). Since the most 5' ATG 
is commonly used to initiate translation in eukaryotes'’, we 
expected AORS to correspond to the 5’ end of the ER mRNA, 
which is ~6.2 kb long!®. An oligo(dT)-primed Agt10 cDNA 
library, prepared from MCF-7 cell poly(A)* RNA enriched in 
ER mRNAP, was screened with AOR8 and the isolated clones 
were mapped. A probe corresponding to the 3' end of one of 
these clones, АОВ15 (see Fig. 1), was used to re-screen the 
library. This process was continued in order to isolate clones 
representing the entire ER mRNA (Fig. 1). No clones extending 
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Fig. 1 cDNA clones representing the complete ER mRNA. The 
MCF-7 ER mRNA is represented by a solid line beginning at 
nucleotide +1 (the cap site) and ending at nucleotide 6,322. The 
open reading frame is denoted as a box beginning at nucleotide 
+233 and ending at nucleotide +2,018. The region which contains 
the epitope recognized by the MCF-7 ER monoclonal antibody 
H226 is shown as a hatched box. This region was determined from 
the overlapping portions of the two Agt11 cDNA clones (AORI 
and AOR3) which react with the H226 antibody'?. Only those 
restriction enzyme sites referred to in the text are shown. AGHERI 
was isolated from a human genomic library and is shown above 
the ER mRNA. The region between the cap site and the PruII(b) 
site at +578 is homologous to the ER mRNA. The dotted lines 
upstream and downstream of the PouII/ PoulI region of AGHERI 
represent sequences in the A clone which have not been analysed. 
The AOR8, AOR15, AOR19 and AOR21 clones were isolated from 
MCF-7 cDNA libraries!? (also see below). 

Methods. An oligo(dT)-primed cDNA library, prepared using | 
sucrose gradient fractions of MCF-7 cell poly(A)* RNA enriched 
in ER mRNA, was constructed in Agt10 as described previously!?. 
The extremities of each of the inserts contain an EcoRI site due 
to the addition of EcoRI linkers during the cloning procedure. The 
insert of AORS was purified on sucrose gradients, nick-translated 
and used to screen this library. The Poull(c)/ EcoRI (3' end) 
fragment of one of the isolated clones, AORIS, was purified on a 
5% polyacrylamide gel, electroeluted, nick-translated and used to 
rescreen the library which resulted in the isolation of AOR19. This 
process was repeated using the 3’ AccI/ EcoRI fragment of AORI9 
to obtain AOR21. The 400-bp SmalI(b)/ Smal(c) fragment, corre- 
sponding to the 5' end of AORS, was similarly used to screen a 
genomic library constructed from human leukocyte DNA partially 
digested with Sau3A and inserted into the BamHI site of 
AEMBL3?. The 13-kb insert of one of the clones isolated, 
AGHERI, contains а 1.1-kb PouIl(a)/ Poull(b) fragment (solid 
line) representing the 5'-flanking sequence and part of the first 

exon of the ER. 
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Fig.2 Full-length nucleo- 
tide sequence and deduced 
amino-acid sequence of the 
MCF-7 ER mRNA. The 5- 
flanking sequence of the 
human ER gene is shown 
from —128 to the cap site at 
nucleotide +1 (arrow). The 
ER mRNA sequence begins 
at nucleotide +1 and ends at 
the start of the poly(A) tail at 
nucleotide 46,322. The num- 
bers on the left refer to the 
position of the nucleotides 
and those on the right to that 
of the amino acids. The CAT 
(GCCAATG) and TATA 
(TACTTAAA) box 
homologies in the 5'-flanking 
sequence, the three putative 
polyadenylation signal sites 
(AATAAA), the two potential 
CAMP-dependent kinase 
phosphorylation sites (basic- 
basic-X-Ser), the potential 
nuclear transfer signal (Arg- 
Pro-GIn-Leu-Lys), the most 5’ 
ATG codon and the TGA 
termination codon 20 codons 
downstream, are all under- 
lined. No potential N-linked 
glycosylation sites are pres- 
ent. The sequence which is 
complementary to the 17-mer 
primer A (5'-CGAGCTGGA- 
GCCCCTGA-3’) used in the 
experiments to map the 5’ end 
of the ER mRNA is boxed. 

Methods. The cDNA clones 
(see Fig. 1) were digested with 
a range of restriction enzy- 
mes, the fragments were sub- 
cloned in both orientations 
into the M13 sequencing vec- 
tor mp8 and sequenced using 
the dideoxy technique. Any 
gaps or ambiguous regions in 
the sequence меге re- 
sequenced using synthetic 
oligonucleotide primers. The 
5'-flanking sequence and that 
corresponding to the first 70 
nucleotides of the ER mRNA 
were determined from the 1.1- 
kb Pvull fragment of 

AGHER1. 


233 ATG ACC 
Met Thr 


323 CTC AAG 


Leu Lys 


413 GAG TTC 
Glu Phe 


503 TCC AAC 
Ser Asn 


593 CTG CAG 
Leu Gln 


683 AGG CCA 
Arg Pro 


773 GAG ACT 
Glu Thr 


863 AGA AGT 
Arg Ser 


953 CGG CTC 
.Arg Leu 


1043 AGA GAT 
Arg Asp 


ATG 
Met 


ATC 
Ne 


AAC 
Asn 


GGC 
Gly 


ccc 
Pro 


AAT 
Asn 


cec 
Arg 


ATT 
Tle 


сос 
Arg 


GAT 
Asp 


ACC CTC CAC 
Thr Leu His 


CCC CTG GAG 


"Cacti bY 
GCC GCG GCC 
Ala Ala Ala 


CTG GGG GGT 
Leu Gly Gly 


CAC GGC CAG 
His Gly біп 


TCA GAT AAT 
Ser Asp Asn 


TAC TGT GCA 
Tyr Cys Ala 


CAA GGA CAT 
біп Gly His 


AAA TGC TAC 
lys Cys Tyr 


GGG GAG GGC 
Gly Glu Gly 


1133 TCT AAG AAG AAC AGC CTG 


Ser Lys lys Asn Ser Leu 


1223 TAT GAT 
Tyr Asp 


1313 GCG AAG 
Ala Lys 


1403 CTC GTC 
Leu Val 


1493 ATG GTG 
Met Ya] 


1583 ATT ATT 
Ne Ile 


1673 AAG ATC 
Lys Ne 


1763 СТС TCC 
Leu Ser 


1853 CTG GAG 
Leu Glu 


1943 GCG GGC 
Ala Gly 


CCT 
Pro 


AGG 
Arg 


TGG 
Trp 


GAG 
Glu 


TTG 
Leu 


ACA 
Thr 


CAC 
His 


ATG 
Met 


TCT 
Ser 


ACC AGA CCC 
Thr Arg Pro 


GTG CCA GGC 
Val Pro Gly 


CGC TCC ATG 
Arg Ser Met 


ATC TTC GAC 
Ile Phe Asp 


CTT AAT TCT 
Leu Asn Ser 


GAC ACT TTG 
Asp Thr Leu 


ATC AGG CAC 
Пе Arg His 


CTG GAC GCC 
Leu Asp Ala 


ACT TCA TCG 
Thr Ser Ser 


ACC 
Thr 


CGG 


ATC 
Ile 


ATG 
Met 


CAC 
His 


CAT 
His 
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AAA GCA TCT GGG ATG GCC CTA CTG 
Gly Met Ala Leu Leu 


Lys 


ccc 
Pro 


GCC 
Ala 


ccc 
Pro 


GTG 
Yal 


сос 
Arg 


TTG 
leu 


AGT 
Ser 


GTG 
Yal 


CAC 
His 


CTG 
Leu 


GTG 
Yal 


CAC 
His 


AGT 
Ser 


сес 
Arg 


TCC 
Ser 


Ala Ser 


CTG GGC 
Leu Gly 


AAC GCG 
Asn Ala 


CCA CTC 
Pro Leu 


CCC TAC 
Pro Tyr 


CAG GGT 
Gln Gly 


AAT GAC 
Asn Asp 


TAT ATG 
Tyr Met 


GGA ATG 
Gly Met 


GAA GTG 
Glu Val 


TCC CTG 
Ser Leu 


GAA GCT 
Glu Ala 


GAT TTG 
Asp Leu 


CCA GTG 
Pro Yal 


CTG GCT 
leu Ala 


TAC ACA 
Tyr Thr 


CTG ATG 
Leu Met 


AAC AAA 
Asn Lys 


CTA CAT 
Leu. His 


TTG CAA 
Leu Gln 


GAG GTG TAC CTG GAC 
Val Tyr Leu Asp 
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CAG 
біп 
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TAC 
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Thr 
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GGC 
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GCG 
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AAG 
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GTC TAC GGT CAG 
Val Tyr Gly Gla 


AGC GTG TCT CCG 
Ser Val Ser Pro 


CTG GAG AAC 
teu Glu Asn 


AGA GAA AGA 
Arg Glu Arg 


GCT 
Ala 


CCA 
Pro 


AM 
Lys 


TCT 
Ser 


GCC 
Ala 


ATG 
Met 


стс 
Leu 


CTA 
Leu 


TCA 
Ser 


CTG 
Leu 


AAG 
tys 


ATG 
Met 


ccc 
Pro 


TAT 
Tyr 


TCA 
Ser 


G&CC 
Ala 


GGT 
Gly 


GCT 
Ala 


GAC 
Asp 


ATG 
Met 


CAT 
Hís 


CTG 
Leu 


TCT 
Ser 


TCC 
Ser 


GCA 
Ala 


GAG 
Glu 


ACT 
Thr 


TAC 
Tyr 


GGC 
Gly 


ACC 
Thr 


GGG 
Gly 


GGA 
Gly 


CAG 
біп 


GGC 
Gly 


GAT 
Asp 


TIT 
Phe 


CGG 
Arg 


AGC 
Ser 


GGC 
Gly 


CAT 
His 
AGC 
Ser 


ATC 
Пе 


GAG 
Glu 


TTG 
Leu 


TAC 
Tyr 


AAC 
Asn 


ATA 
Ne 


GAC 
Asp 


ATG 
Met 


TTA 
Leu 


CAG 
біп 


GCT 
Ala 


ТТС 
Phe 


ACC 
Thr 


CTG 
Leu 


CTG 
Leu 


CGT 
Arg 


ACG 
Thr 


CAT 
His 


AGC 
Ser 


ACC 
Thr 


AGC 
Ser 


ccc 
Pro 


GCC 
Ala 


CAT 
His 


CAG 
біл 


CGA 
Arg 


ATG 
Met 


GTC 
Val 


CTG 
Leu 


GTC 
Yal 


ccr 
Pro 


cee 
Arg 


CTG 
Leu 


ACC 
Thr 


TAC 
Tyr 


GGA 
Gly 


GGG 
Gly 


CAG 
Gin 


AGC 
Ser 


Got 
Gly 


CCG 
Pro 


AGC 
Ser 


AGT 
Ser 


TAT 
Tyr 


TGC 
Cys 


АЛА 
lys 


AGA 
Arg 


AGT 
Ser 


ACC 
Thr 


CAC 
His 


AAC 
Asn 


ATG 
Met 


AAG 
Lys 


CTG 
Leu 


AGC 
Ser 


GGG 
Gly 


GAG 
Glu 


ATC 
Ne 


AAG 
Lys 


CTC 
Leu 


CTG 
leu 


GGC 
Gly 


ACC 
Thr 


GGA 
Gly 


ACC 
Thr 


GAC 
Asp 


GCT 
Ма 


GCC 
Ala 


AAC 
Asn 


CIT 
Leu 


TTG 
Leu 


ATG 
Met 


TCT 
Ser 


CAG 
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-128 GAGTTGTGCCTGGAGTGATGTTTAAGCCAATGTCAGGGCAAGGCAACAGTCCCTGGCCGTCCTCCAGCACCTTTGTAATGCATATGAGCTCGGGAGACCAGTACTTAAAGT3GAGGCT T 

—_ М4 
-8 GGGAGCCCAGGAGCTGGCGGAGGGCGTTCGTCCTGGGAGCTGCACT TGCTCCGTCGGGTCGCCGGCTTCACCGGACCGCAGGC TCCCGGGGCAGGGCCGGGGCCAGAGC ICSC 5 GTC C3 
Sacil(a) 
113 CGGGACATGCGCTGCGTCGCCTCTAACCTCGGGCTGTGCTCTTTTTCCAGGTGGCCCGCCGGTTTCTGAGCCTTCTGCCCTGCGGGGACACGGTCTGCACCC T GCCCGCGGCCACOGA: z 
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Pro Ле Leu Туг 
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GAG ATC CTG ATG 
Glu Пе Leu Met 
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Gly Lys Cys ¥31 
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Phe Val Cys teu 


АТС CAC CGA 61 
Пе His Arg vii 


GCC CAG СТС cre - 


Ala біп Leu Leu 


CCC CTC TAT GAC 
Pro Leu Tyr Asp 


CAA AGC САС ТІ 
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2033 TCCCACACGGTTCAGATAATCCCTGCTGCATTTTACCCTCATCATGCACCACTTTAGCCAAATTCTGTCTCCTGCATACACTCCGGCATGCA TCCAACACCAATGGC T T "CTAGATGAGT 
2153 GGCCATTCATTTGCTTGCTCAGTTCTTAGTGGCACATCTTCTGTCTTCTGTTGGGAACAGCCAAAGGGAT TCCAAGGCTAAATCTTTGTAACAGCTCTCTTTCCCCCTTGCTATGTTACT 
2273 AAGCGTGAGGATTCCCGTAGCTCTTCACAGCTGAACTCAGTCTATGGGTTGGGGC TCAGATAACTCTGTGCATTTAAGCTACTTGTAGAGACCCAGGCCTGGAGAGTAGACA" ТТТОС”Т 
2393 CTGATAAGCACTTTTTAAATGGCTCTAAGAATAAGCCACAGCAAAGAATTTAAAGTGGCTCCTTTAATTGGTGACTTGGAGAAAGCTAGGTCAAGGGTTTATTATAGCACCC TCTTGTAT 
2513 TCCTATGGCAATGCATCCTTTTATGAAAGTGGTACACCTTAAAGCTTTTATATGACTGTAGCAGAGTATCTGGTGATTGTCAATTCACTTCCCCC TATAGGAATACAAGGGGCCACACAG 
2633 GGAAGGCAGATCCCCTAGTTGGCCAAGACTTATTTTAACTTGATACACTGCAGATTCAGAGTGTCC TGAAGCTCTGCCTCTGGCTTTCCGGTCATGGGTTCCAGTTAATTCA" SCCTCCC 
2753 ATGGACCTATGGAGAGCAACAAGTTGATCTTAGTTAAGTCTCCCTATATGAGGGATAAGTTCCTGATTTTTGTTTTTATTTTTGTGTTACAAAAGAAAGCCCTCCCTCCCTGAACTTGCA 
2873 GTAAGGTCAGCTTCAGGACCTGTTCCAGTGGGCACTGTACTTGGATCTTCCCGGCGTGTGTGTGCCTTACACAGGGGTGAACTGTTCACTGTGGTGATGCATGATGAGGGTAAATGGTAG 
2993 TTGAAAGGAGCAGGGGCCCTGGTGTTGCATTTAGCCCTGGGGCATGGAGCTGAACAGTACTTGTGCAGGAT TGTTGTGGCTACTAGAGAACAAGAGGGAAAGTAGGGCAGAAACTGGA" A 
3113 CAGTTCTGAGCACAGCCAGACTTGCTCAGGTGGCCCTGCACAGGCTGCAGCTACCTAGGAACATTCCTTGCAGACCCCGCATTGCCTTTGGGGGTGCCCTGGGATCCCTGGGGTAGTCCA 
3233 GCTCTTATTCATTTCCCAGCGTGGCCCTGGTTGGAAGAAGCAGCTGTCAAGTTGTAGACAGCTGTGTTCCTACAATTGGCCCAGCACCCTGGGGCACGGGAGAAGGGTGGGGACCGT T aC 
3353 TGTCACTACTCAGGCTGACTGGGGCCTGGTCAGATTACGTATGCCCTTGGTGGTTTAGAGATAATCCAAAATCAGGGTTTGGTTTGGGGAAGAAAATCCTCCCCCTTCC"CCCCCGCCCC 
3473 GTTCCCTACCGCCTCCACTCCTGCCAGCTCATTTCCTTCAATTTCCTTTGACCTATAGGCTAAAAAAGAAAGGCTCATTCCAGCCACAGGGCAGCCT TCCCTGGGCCT TTGC " TCTCTAG 
3593 CACAATTATGGGTTACTTCCTTTTTCTTAACAAAAAAGAATGTTTGATTTCCTC TGGGTGACCTTATTGTCTGTAATTGAAACCCTATTGAGAGGTGATGTCTGTGTTAGCCAATGACCC 
3713 AGGTAGCTGCTCGGGCTTCTCTTGGTATGTCTTGTTTGGAAAAGTGGATTTCATTCATTTCTGATTGTCCAGTTAAGTGATCACCAAAGGAC TGAGAATC TGGGAGGGCAAAAAAAAAAA 
3833 AAMMAGTTTTTATGTGCACTTAAATTTGGGGACAATTTTATGTATCTGTGTTAAGGATATGCTTAAGAACATAATTCTTTTGTTGCTGTTTGTTTAAGAAGCACCTTAGTTTGTTTAAGA 
3953 AGCACCTTATATAGTATAATATATATTTTTTTGAAATTACATTGCTTGITTATCAGACAATTGAATGTAGTAATTC TGTTCTGGATTTAATTTGACTGGGTTAACATGCAAAAACCAAGG 
4073 AAAMATATTTAGTTTTTTTTTTTTTTTTTGTATACTTTTCAAGCTACCTTGTCATGTATACAGTCATTTATGCCTAAAGCCTGGTGATTATTCATTTAAATGAAGATCACAT ' ТСАТА"С 
4193 AACTTTTGTATCCACAGTAGACAAAATAGCACTAATCCAGATGCCTATTGTTGGATATTGAATGACAGACAATCTTATGTAGCAAAGATTATGCCTGAAAAGGAAAATTATT AGGGCAG 
4313 CTAATTTTGCTTTTACCAAAATATCAGTAGTAATATTTTTGGACAGTAGCTAATGGGTCAGTGGGTTCT T TTTAATGTTTATACTTAGATTTTCTTTTAAAAAMATT, 
4433 AMMATTTCTAGGACTAGACGATGTAATACCAGCTAAAGCCAAACAATTATACAGTGGAAGGTTTTACATTATTCATCCAATGTGTTTCTATTCATGTTAAGA TACTAZTACATTTGAAG 
4553 TGGGCAGAGAACATCAGATGATTGAAATGTTCGCCCAGGGGTCTCCAGCAACTTTGGAAATCTCTTTGTATTTTTACTTGAAGTGCCACTAATGGACAGCAGATAT TT, YGGCTGAT aT 
4673 TGGTATTGGGTGTAGGAACATGATTTAAAAAAAAAACTCTTGCCTC TGCTTTCCCCCAC TCTGAGGCAAGTTAMATGTAAAAGATGTGATTTATCTGGGGGGCTCAGGTATGGTGGGGA 
4793 AGTGGATTCAGGAATCTGGGGAATGGCAAATATATTAAGAAGAGTATTGAAAGTATTTGGAGGAAAATGGTTAATTCTGGGTGTGCACCAAGGT TCAGTAGAGTCCACT TC TGCCCTGCA 
4913 GACCACAAATCAACTAGCTCCATTTACAGCCAT TTCTAAAATGGCAGCTTCAGTTCTAGAGAAGAAAGAACAACATCAGCAGTAAAGTCCATGGAATAGCTAGTGGTCTGTG: TTCTT 7 
5033 CGCCATTGCCTAGCTTGCCGTAATGATTCTATAATGCCATCATGCAGCAATTATGAGAGGCTAGGTCATCCAAAGAGAAGACCCTATCAATGTAGGTTGCAAAATCTAACCC: TAAGGAA 
5153 GTGCAGTCTTTGATTTGATTTCCCTAGTAACCTTGCAGATATGTTTAACCAAGCCATAGCCCATGCC TTTTGAGGGCTGAACAAATAAGGGACTTACTGATAATTTACTTTTGATCACAT 
5273 TAAGGTGTTCTCACCTTGAAATCTTATACACTGAAATGGCCATTGATTTAGGCCACTGGCTTAGAGTACTCCTTCCCCTGCATGACACTGATTACAAATACTTTCCTATTCATACTTTCC 
5393 AATTATGAGATGGACTGTGGGTACTGGGAGTGATCACTAACACCATAGTAATGTCTAATATTCACAGGCAGATCTGCTTGGGGAAGCTAGTTATGTGAAAGGCAAATAAAGTCATACAGT 
5513 AGCTCAAAAGGCAACCATAATTCTCTTTGGTGCAAGTCTTGGGAGCGTGATCTAGATTACACTGCACCATTCCCAAGTTAATCCCCTGAAAACTTACTCTCAACTGGAGCAAAT GAAC Т 
5633 TGGTCCCAAATATCCATCTTTTCAGTAGCGTTAATTATGCTCTGTTTCCAACTGCATTTCCTTTCCAATTGAATTAAAGTGTGGCCTCGT TTTTAGTCATTTAAAATTGTTTTCTAAG"A 
5753 ATTGCTGCCTCTATTATGGCACTTCAATTTTGCACTGTCTTTTGAGATTCAAGAAMMATTTCTATTCATTTTTTTGCATCCAATTGTGCCTGAACTTTTAAAATATGTAAATGCTGCCA Y 
5873 GTTCCAAACCCATCGTCAGTGTGTGTGTTTAGAGCTGTGCACCCTAGAAACAACATACTTGTCCCATGAGCAGGTGCCTGAGACACAGACCCCTTTGCATTCACAGAGAGGTCATTGG "T 
5993 ATAGAGACTTGAATTAATAAGTGACATTATGCCAGTTTCTGTTC TC TCACAGGTGATAAACAATGCTTTTTGTGCACTACATACTCTTCAGTGTAGAGCTCTTGTTTTAT GGGAAAAGGC 
6113 TCAAATGCCAAATTGTGTTTGATGGATTAATATGCCC T TTTGCCGATGCATACTATTACTGATGTGACTCGGTTTTGTCGCAGCTTTGCTTTGTTTAATGAAACACACTTG" AAACC TT 
6233 TTTGCACTTTGAAAAAGAATCCAGCGGGATSC TCGAGCACCTGTAAACAATTTTCTCAACCTATTTGATGTTCAAATAAAGAATTAAACTAAAAAAAAAAAAAAA 
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Fig.3 Mapping of the ER mRNA cap site. a, Тһе 1.1-КЬ 
Poull/ Poull fragment of AGHERI (Fig. 1) was subcloned into 
Mi3mpl8. A single-stranded DNA probe (b) corresponding to 
this genomic fragment was prepared and used for S,-nuclease 
mapping with (lane 2) or without (lane 1) sucrose gradient fractions 
of МСЕ-7 poly(A)* RNA enriched іп ER mRNA”. Primer 
extension mapping was performed using primers A and B (5), 
reverse transcriptase and poly(A)* RNA enriched in ER mRNA. 
Primer А is a 17-mer oligonucleotide (5'"TCAGGGGCT- 
CCAGCTCG-3’) corresponding to positions +295 to +311 of the 
ER mRNA sequence (Fig. 2); it was elongated and electrophoresed 
without treatment with S, nuclease (lane 6). Primer B (lane 5) is 
232 nucleotides long, from the Smal(b) site to position +311. It 
was extended in the presence (lane 3) or absence (lane 4) of ER 
mRNA and treated with S, nuclease before electrophoresis. The 
arrowheads show the position of the 5' end of the ER mRNA as 
defined by either S,-nuclease mapping (closed arrowheads) or 
primer extension (open arrowheads). The four lanes (TCGA) show 
the sequence of the mRNA coding strand of the PoulII/ Poul 
fragment of AGHERI (dideoxy sequencing using the 5'-end- 
labelled primer A). 

Methods. For both the S,-nuclease and primer extension mapping, 
the 17-mer oligonucleotide, primer A, was 5'-end-labelled with 
[y- P]ATP and polynucleotide kinase. The S,-nuclease mapping 
was carried out as follows. The labelled primer À was used for 
second-strand synthesis using the РәиП/ Poult М13тпр18 clone as 
a template with cold nucleotides (500 мМ) and all other conditions 
as for dideoxy sequencing. The DNA was cut at the EcoRI site in 
the M13mp18 polylinker and the 830-nucleotide single-stranded 
probe was purified by polyacrylamide gel electrophoresis. This 
probe (600,000 с.р.т., 0.12 pmol) was hybridized to sucrose 
gradient fractions of MCF-7 poly(A)* RNA containing ~500 pg 
ER mRNA (40 mM PIPES pH 6.5, 400 mM NaCl, 50% formamide, 
2 min at 80°C, 2 min at 100°C and overnight at 42°C), and then 
digested with 60 U of S, nuclease (BRL) for 2 h at 25°C in 50 mM 
Na-acetate pH 4.5, 100mM NaCl, 1 mM ZnCl. Primer B was 
prepared as described for the S,-nuclease mapping probe except 
that the synthesized DNA was cut at the Smal(b) site (see b). This 
232-nucleotide single-stranded primer (800,000 c.p.m., 0.16 pmol) 
was hybridized with the same MCF-7 RNA as above using the 
same conditions. After precipitation with ethanol, the primer was 
elongated with 25 U of reverse transcriptase for 10 min at 42°C 
(50mM Tris-HCl pH 8.3, 40mM KCl, 8mM MgCl, 0.5 mM 
dNTP, 0.4 mM dithiothreitol). S,-nuclease treatment before gel 
electrophoresis was as described above. For primer extension map- 
ping with primer A, the primer (5 x 10° c.p.m., 1 pmol) was hybrid- 
ized as for primer B, except that the formamide concentration was 
reduced to 10%. Primer A was elongated with reverse transcriptase 
as described for primer B, but was not treated with S, nuclease. 
Both the S,-nuclease-protected and primer-extended fragments 

were electrophoresed on a standard 696 sequencing pel. 
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farther 5’ than AORS were obtained when the 5 
Smal(b)/ Smal(c) fragment of AORS (see Fig. 1) was used as | 
a probe to screen the randomly primed Agt10 library, which has 
been described previously!*. Clones AOR8, AOR15, AOR19 and 
AOR21 (Fig. 1) were subcloned into the M13 sequencing vector 
mp$, yielding a series of overlapping fragments suitable for 
sequencing by the dideoxy technique. The complete sequence 
is shown іп Fig. 2. 

The 400-base pair (bp) Smal(b)/ Smal(c) fragment of AOR8 
was also used to screen a human leukocyte genomic A library. 
The 1.1-kb PoulI/ PvuII fragment of one of the isolated clones 
(AGHERI), which contains the Smal(b)/ Smal(c) region of 
AORS together with ~500 bp of 5'-flanking sequence, was sub- 
cloned into M13mpl8 (Fig. 1). A single-stranded DNA probe, 
corresponding to the coding strand of the ER gene, was prepared 
from this PvuII fragment using the 5' end-labelled synthetic 
oligonucleotide primer А (5-TCAGGGGCTCCAGCTCG-3'; 
see Figs 2 and 3b legends). This probe was used in an S,-nuclease 
mapping assay with sucrose gradient fractions of MCF-7 
poly(A)* RNA enriched in ER mRNA”. The ER mRNA 
remained homologous to this genomic probe as far as an adenine 
located 77 bp upstream from the Smal(b) site of AOR8 (see 
Figs 2 and 3b, arrow +1, and Fig. 3a, lane 2, arrowhead; the 
faint bands which are larger than the major protected fragment 
may correspond to minor transcription start sites). Primer 
extension experiments, using two different primers, were perfor- 
med to show that this site corresponds to the 5' end of the ER 
mRNA rather than to an intron-exon boundary. Primer À was 
hybridized to the ER mRNA-enriched RNA and elongated with 
reverse transcriptase. Primer B was prepared from the 
РоиП/ Poull M13 clone, exactly as described above for the 
S,-nuclease mapping experiment, except that the primer was 
cut at the Smal(b) site so as to generate a 232-nucleotide 
fragment which was completely homologous to ER mRNA (Fig. 
3a, lane 5, and 8). Primer B was hybridized to ER mRNA- 
enriched RNA and elongated as for primer A (see Fig. 3 legend). 
After incubation with reverse transcriptase, both primers A (Fig. 
3a, lane 6, open arrowhead) and B (lane 3, open arrowhead; 
the band in the control lane 4 may correspond to a self-primed 
elongation product of the probe) were extended to one of the 
two guanine nucleotides located at positions +2 and +3 
(Fig. 3a). We conclude from these results and similar experi- 
ments not shown that the A indicated by +1 in Figs 2 and 3 
probably corresponds to the 5' end of the ER mRNA. This 
conclusion is supported by the presence of a TATA box-like 
sequence, 5'-TACTTAAA-3’, located 27 bp upstream from this 
putative start site (Fig. 2). The sequence 5-СССААТСТ-3' situ- 
ated at —103 (Fig. 2) may correspond to а CAT box". 

The MCF-7 ER mRNA is 6,322 nucleotides long and has a 
5'-untranslated region of 232 nucleotides (Figs 1, 2). The most 
5' ATG codon, at position +119, is followed 20 codons down- 
stream by a TGA stop codon. A second ATG codon, at position 
+233, is in the same translational reading frame as the first and 
is flanked by nucleotides which have a closer homology to the 
Kozak's consensus sequence!!. This codon represents the start 
of an open reading frame of 1,785 nucleotides which codes for 
a 595-amino-acid protein of M, 66,182. It is common for transla- 
tion in eukaryotes to initiate at the most 5' ATG codon of the 
mRNA''. However, the presence of an upstream ATG codon 
is not unique to the ER mRNA”, although usually only a few 
codons are present between the ATG and stop codons. It is not 
known whether this first 20-codon open reading frame is 
expressed and has any physiological role. In this respect, it will 
be of interest to compare the human and other ER cDNA 
sequences to determine whether this region is conserved. 
Whether the presence of this upstream ATG codon affects the 
translational efficiency of the ER mRNA is also unknown, but 
this region does not appear to have the potential to form any 
stable secondary structure as is observed in some other mRNA 
sequences'^. A long 3'-untranslated region (4,305 nucleotides) 
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Fig. 4 Hydropathicity plot of the а 40 
MCF-7 ER amino-acid sequence 
and sequence homology with v-erb- 
A. a, A computer program, using 
the algorithm described by Kyte 
and Doolittle, was used to display 
the hydropathic nature of the 
MCF-7 ER using a window of 15 
amino acids. Negative values rep- 
resent hydrophilic regions and 
positive values hydrophobic 
regions. The numbers on the 
horizontal axis refer to the amino- 
acid sequence beginning at the N- 
terminus. The region of the ER 200 
sequence (residues 185-251) 
possessing the greatest homology 

with v-erb-A is indicated by a bar. 

b, The amino-acid sequences of the € 
MCF-7ER and erb-A were com- 

pared by a matrix analysis using a ER 
window of six residues and a dot erb- A 
plotted for a match of four or more 
identical residues. The program ER 
therefore generates a diagonal line erp. A 
where any homology between the 


Hydropathicity index 


bers along the axes for both j.p 4 157 
sequences are as described in a. c, 
The 


two sequences is found. The num- eg 288 ANNLWPSP-LMIKRSKKN 
RSTNAQGSHMKQRRK 


alignment 


erb-A protein was determined 


using a search procedure based on ER dk i 
the amino-acid physical charac- " 302 tho р ТУ Min 
teristics?!^?. There are 378 aligned 99-А 


residues for the ER and v-erb-A 
proteins, of which 27% are iden- ER 527 erum 
tical (boxed amino acids) and 41% erb-A 349 |8-Қ-------- 
conserved according to the follow- 
ing scheme: (P,G), (M,C), 
(Y, W, F, H), (L, V, L, A), (K, R), 





Human ER amino acids 
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(E, Q, N, D) and (S, T) (denoted by a line both above and below the amino acid). The average correlation coefficient between the two sequences, 
using six amino-acid physical characteristics, was 0.37. The mean correlation, maximum correlation and standard deviation for control protein 
sequences (see below) were 0.00, 0.20 and 0.04, respectively. The ER-v-erb-A correlation was 9.2 s.d. above the control mean and 4.2 s.d. 
above the control maximum. The control protein sequence consisted of a group of 63 proteins of unrelated tertiary structure (sec ref. 43 for 
examples) whose sequence was expanded to contain 1,000 residues. Segments of 378 amino acids were randomly selected (using a random 
generator seeded with a number based on the time of day) and an average correlation coefficient calculated. This procedure was repeated at 
10 different times and the mean s.d. and maximum correlations were calculated for the resulting 19,530 average correlations over six amino-acid 
characteristics. To determine whether the homology between the ER and v-erb-A is significant throughout the entire v-erb-A sequence, the 
ER sequence was subdivided into three regions (I, residues 146-255; II, residues 256-467; ІП, residues 468-595) and each aligned with v-crb-A 
as shown in c. The correlation coefficients were 5.8, 6.2 and 3.2 s.d. above the control mean, respectively. 


is not unique to the ER; other receptor mRNAs!*'5, including 
that of the human glucocorticoid receptor", have a similar 
structure. The putative polyadenylation signal ‘AATAAA’ is 
found 15 bp upstream from the polyadenylation site. Two other 
such sequences, found in the 3'-untranslated region of the ER 
mRNA at positions 4,422 and 5,497, are used weakly, if at all, 
as only the 6.3-kb transcript was detected!?. 


ER sequence and homology to v-erb-A 


The ER amino-acid sequence is shown in Fig. 2 and its hydro- 
pathicity is analysed in Fig. 4a. The human ER can apparently 
be subdivided into at least three hydropathic domains. The first 
domain, containing the first 120 amino acids, is followed by a 
region between amino acids 120 and 300 which is rich in cysteine, 
lysine and arginine and poor in leucine and proline. This hydro- 
philic region is likely to be exposed on the surface of the receptor 
and, being rich in positively charged amino acids, may bind to 
nucleic acids. In this respect, we note that this region may 
contain the epitope for the monoclonal antibody, H226, which 


is believed to interact with the DNA-binding domain of the 
receptor"? (Fig. 1). A characteristic feature of prokaryotic DNA- 
binding proteins is the helix-8-turn-helix secondary structure, 
in which the two helices provide the DNA specificity of the 
binding through intimate contact with the major groove of the 
B-form of the DNA helix". We compared the ER amino acid 
sequence with those of the prokaryotic proteins that are either 
believed or known to contain DNA-binding domains, and with 
that of the protein thought to be encoded by the Drosophila 
segmentation gene fushi tarazu (ftz), and the yeast MATa) and 
MATa? proteins which may contain such domains (ref. 20 and 
references therein). No structural similarities between any of 
these proteins and the ER were found, and no similar helix-p- 
turn-helix secondary structure is predicted from the ER 
sequence. The third domain corresponds to the C-terminal half 
of the receptor from approximately amino acid 300 onwards. 
Being mostly hydrophobic, this domain may contain the 
oestrogen-binding site. 


The ER in MCF-7 cells is predominantly nuclear'. The yeast 
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Fig. 5 Expression of the ER cDNA in HeLa cells. a, The 
size of the protein coded by the cloned ER cDNA is identical 
to that ofthe MCF-7 ER. The ER cDNA sequence was inserted 
into the eukaryotic expression vector pKCR2 (ref. 29), yielding 
pKCR2-ER. This recombinant was transfected into HeLa cells 
and the proteins labelled with 35§.methionine. Cytoplasmic 
proteins were immunoprecipitated with ER antibodies, separ- 
ated by SDS-polyacrylamide gel electrophoresis (7%) and 
revealed by fluorography. Lane 1, wild-type HeLa cells; lane 
2, HeLa cells transfected with pKCR2; lane 3, HeLa cells 
transfected with pKCR2-ER; lane 4, wild-type MCF-7 cells. 
The arrowhead shows the position of the 65,000-M, protein. 
Lane M, ‘C-labelled protein markers: phosphorylase b, 
bovine serum albumin, ovalbumin, a-chymotrypsinogen. 
Numbers on the right indicate their respective M,s (х107°). 
b, The ER cDNA-encoded protein binds oestradiol with the 
same affinity as the MCF-7 ER. Cytosol extracts, prepared 
from MCF-7 cells (8) or HeLa cells transfected with pKCR2 
(0) or pKCR2-ER (A), were incubated overnight at 0°C in 
the presence of 3H-17B-oestradiol (E2) with or without a 
100-fold excess of unlabelled 178-oestradiol. The unbound steroid was removed using dextran-coated charcoal and the receptor-bound steroid counted in a 
scintillation counter. The number of moles of steroid bound per milligram of cytosolic protein was calculated after subtraction of the nonspecific binding. Each 
point was performed in duplicate and line-fitting was by computer". The inset shows a Scatchard plot of these data. 

Methods. a, For construction of vector pKCR2-ER, the ER cDNA clone AORS, which had been subcloned into the EcoRI site of pBR322, was partially digested 
with SacII to remove the upstream ATG codon, which is followed by a stop codon (see Fig. 2). The extremities of the DNA were blunt-ended with T4 DNA 
polymerase aid EcoRI linkers added. The DNA was digested with EcoRI, cutting both in the newly added linker and in the EcoRI site present at the 3' end of 
the pOR8 insert. The 1.8-kb EcoRI fragment was then inserted into the EcoRI site of pKCR2”. This vector contains the SV40 early promoter and f-globin splicing 
donor and acceptor sites upstream of the inserted ER sequence, and downstream from it the B-globin and SV40 polyadenylation sites. Transfection of 30-50% 
confluent HeLa cells (in 9-cm Petri dishes) with calcium phosphate-precipitated supercoiled plasmid DNA (10 рр per dish) was performed as described previously ^^. 
All the serum used was stripped of endogenous steroid hormones by charcoal treatment. The medium was replaced 48 h after transfection with 3 ml of methionine-free 
and serum-free Dulbecco’s medium containing 100 pCi of S-methionine (1,500 Ci mmol |). After 5h, the cells were washed with ice-cold phosphate-buffered 
saline (PBS), resuspended for 5-10 min at 4°C in 200 wl of 1% Nonidet-P40, 50 mM Tris-HCI pH 7.5, and centrifuged at 12,000g for 1 min. SDS (22 pl of 10%) 
and EDTA (3 pl of 0.2 М) were added to the supernatant and the protein denatured by boiling for 5 min. The ER protein present in HeLa cells (10x 10$ c.p.m. 
total protein radioactivity) or MCF-7 cells (18x 106 c.p.m.) was immunoadsorbed to protein A/Sepharose using 5 рр each of the monoclonal antibodies H226 and 
D75 as described previously, before electrophoresis. b, HeLa cells were transfected as described in a. The cells from 10 Petri dishes were washed twice with 
ice-cold PBS and homogenized оп ice in 1 ml of buffer (20 mM Tris-HCl pH 7.3, 1 mM EDTA, 2 mM B-mercaptoethanol, 50 mM NaCl, 0.3 mM phenylmethylsul- 
phony! fluoride, 10 mM Na-molybdate and 10% glycerol), using 50 strokes of а 5-ml glass-glass homogenizer. The cytosol was prepared by centrifugation of the 
homogenate at 105,000g at 4°C for 1h. Aliquots (50 wl) were incubated in duplicate with different concentrations of ?H-178-oestradiol (153 Ci mmol !) with 
(nonspecific binding) or without (total binding) а 100-fold excess of unlabelled 178-oestradiol. After incubation overnight at 0 °C, 100 yl of dextran-coated charcoal 
(DCC) solution (0.5% Norit-A, 0.05% dextran T70 in 10 mM Tris-HCl, pH 7.5) was added for 15 min on ice to remove the free steroid. DCC was removed by 
centrifugation and the amount of ^H-178-oestradiol remaining in 100 pl of supernatant counted. Cytosol preparation and determination of the ER content of 
MCF-7 cells grown in stripped medium? were carried out as decribed above for HeLa cells. Cytosolic protein contents were estimated using the Bradford assay. 
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protein, МАТа2, contains a sequence of three hydrophobic 
amino acids (one being proline) with a basic amino acid at each 
side which may be responsible for the transfer of a MATa2-B- 
galactosidase fusion protein to the nucleus?'. A similar region 
(Arg-Pro-Gln-Leu-Lys??) is present near the N-terminus of the 
ER (Fig.2) No region homologous to those sequences 
responsible for nuclear transfer of the simian virus 40 (SV40) 
large-T antigen or the yeast ribosomal protein L3 (ref. 23) 
was found. 

It has been suggested that tyrosine phosphorylation of the 
calf uterine ER by a cytoplasmic kinase potentiates the binding 
of oestrogen?^. The selection of the tyrosine phosphorylation 
site may require the presence of basic (lysine or arginine) and 
acidic (glutamate or aspartate) amino acids on the N-terminal 
side of the phosphorylated tyrosine”. Several of the tyrosine 
residues (positions 43, 184, 219, 526) ofthe MCF-7 ER sequence 
exhibit this general feature. Two potential cyclic AMP-depen- 
dent phosphorylation sites? (basic amino acid-basic amino acid- 
X-Ser/ Thr) are present іп the ER sequence at positions 236 and 
305 (see Fig. 2). 

The ER amino-acid sequence was used in a computer search 
of the NBRF protein database for related sequences. Only one 
sequence, that of ће AEV gag-erb-A fusion protein", showed 
significantly homology (Fig. 4b, c). This homology is particularly 
striking in the cysteine-rich region of the ER between amino 
acids 185 and 251, where each of the 9 cysteine residues in this 
region is conserved in the erb-A protein. This high degree of 
conservation suggests that the tertiary structure of this region 
is an important feature of the ER. Although less striking than 
that within the cysteine-rich region, the homology between the 
ER and erb-A protein extends throughout the erb-A sequence 
(see Fig. 4c). Very little, if any, homology was observed between 


the MCF-7 ER sequence and the rat prostatic steroid-binding 
proteins or rabbit uteroglobin??, which bind weakly androgens 
and progesterone, respectively (data not shown). 


Expression of ER cDNA in HeLa cells 


Тһе ER cDNA insert of AORS was partially digested with басП 
so as to remove the most 5' ATG codon together with the stop 
codon located 20 codons downstream (Figs 1, 2). The 1.8-kb 
fragment, containing the complete ER open reading frame, was 
inserted in the eukaryotic expression vector pKCR2 downstream 
from the SV40 early promoter?. HeLa cells transfected with 
this construct (pKCR2-ER) were labelled with 35§.methionine 
and the proteins immunoprecipitated with the two ER mono- 
clonal antibodies H226 and D75 (ref. 18) (Fig. 5a, lane 3). The 
endogenous MCF-7 cell ER was similarly labelled and precipi- 
tated, and the proteins were separated on a 7% SDS-polyacryl- 
amide gel (Fig. 5a, lane 4). In both cases a protein of M, ~65,000 
was observed. No such protein was seen in either wild-type 
HeLa cells (Fig. 5a, lane 1) or HeLa cells transfected with the 
pKCR2 vector (lane 2). Other smaller proteins, which appear 
to be specific to the HeLa cells transfected with pKCR2-ER, 
may be due to either proteolysis of the ER or premature termina- 
tion of translation. 

Cytosol extracts were prepared from either HeLa cells, trans- 
fected with pKCR2 or pKCR2-ER, or from MCF-7 cells. A 
dextran-coated charcoal assay was then used to determine both 
the number and affinity for oestradiol of any oestrogen-binding 
protein present in HeLa cells and in MCF-7 (Fig. 5b). HeLa 
cells transfected with the pKCR2 vector had only background 
oestradiol-binding activity, whereas HeLa cells transfected with 
pKCR2-ER contained significant amounts of oestradiol-binding 
activity (Fig. 5b). The affinity of the corresponding protein for 
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oestradiol (Kp = 0.4 nM) was very similar to that of the MCF-7 
ER (Kp=0.5nM) (Fig. 5b, inset). We conclude that the 
expression of the cloned ER cDNA in HeLa cells yields a protein 
which, using these criteria, is indistinguishable from the MCF-7 
cell ER. 


Discussion 


We have isolated and sequenced cDNA clones corresponding 
to the complete sequence of the human ER mRNA. When 
expressed in HeLa cells, this cDNA codes for a protein that 
has the same apparent relative molecular mass and binds oes- 
tradiol with the same affinity as the MCF-7 cell ER. 

It is extremely interesting that the predicted human ER 
sequence shares strong sequence homology with the erb-A gene 
of the oncogenic AEV. The AEV genome contains two cell- 
derived genes termed v-erb-A and v-erb-B (for review see ref. 
30). The v-erb-A gene is expressed as a cytoplasmic gag-erb-A 
fusion protein of —75,000 M, which is not itself oncogenic?!. 
Instead it appears that its action is to increase the oncogenic 
potential of v-erb-B*!, which is homologous to the epidermal 
growth factor (EGF) receptor, although it lacks the EGF-binding 
domain? The function of c-erb-A, the cellular counterpart of 
the v-erb-A gene, is unknown; it is also unknown whether the 
erb-A protein binds to either DNA or steroid hormones. The 
chicken ER does not correspond to c-erb-A, since its sequence 
is more closely homologous to that of the human ER than to 
v-erb-A (our unpublished results). The human c-erb-A has been 
mapped to chromosome 17 and part of its amino-acid sequence 
(resdiues 226-312) is 96% homologous to v-erb-A”’; in contrast, 
the human ER тарѕ! to chromosome 6 and shares only a 6.796 
homology with v-erb-A in this region. Although the non- 
cysteine-rich domain 2 (ref. 27) of the v-erb-A protein shares 
some homology with human carbonic anhydrase", no such 
homology exists between carbonic anhydrase and the human 
ER (1.3 s.d. above the control mean). 

Two v-erb-A-related human genomic clones have been iso- 
lated?. The sequences of these two clones аге only distantly 
related? and both appear to тар” to human chromosome 17. 
Southern analysis with human DNA using one of these clones, 
Ahe-A2, suggests the presence of at least an additional related 
gene showing that c-erb-A belongs to a multigene family. 
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Southern analysis of the human MCF-7 ER gene using AOR8 
as a probe'? shows that neither Ahe-A1 nor Аһе-А2?° corre- 
sponds to ER sequence. 

It is probable that the conserved cysteine-rich domain, com- 
mon to the human ER and v-erb-A proteins, has some important 
biological function. It will be interesting to investigate whether 
it is common to all members of the erb-A family. Site-directed 
in vitro mutagenesis of the ER cDNA sequence in the expression 
vector pKCR2-ER should help to elucidate its function, as well 
as to localize those regions involved in the multiple functions 
of the ER. In this respect, a comparison of the ER and v-erb-A 
sequences with that of the glucorticoid receptor, which has 
recently been cloned!^?52?6. should also be very informative. 

There is a strong correlation between the growth of breast 
cancers and their ER content’, and although the mechanism by 
which the ER increases the growth rate of these tumours is 
unknown, it may involve the induction of either growth factors 
or their receptors?^??, The mechanism by which v-erb-A potenti- 
ates the action of v-erb-B is also unknown, but it is possible 
thatthe ER may similarly potentiate a human oncogene in breast 
cancer. In this respect, it will be interesting to investigate whether 
the sequence of the MCF-7 breast cancer cell line ER differs in 
some way from that of the ER from non-malignant tissues. 
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Note added in proof: After this manuscript was submitted, the 
sequence of the human glucocorticoid receptor and its homology 
with v-erb-A were reported 9^, A comparison of the human 
and chicken oestrogen receptor, the human glucocorticoid 
receptor and v-erb-A shows that the cysteine-rich and hydro- 
phobic regions are conserved in all four sequences, supporting 
the view that they correspond to important functional domains“. 
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Strong breathing of the hydrogen coma of comet Halley was 
observed by the Lyman-a@ imager of the Japanese interplanetary 
spacecraft, Suisei. Measurement of the peak-to-peak variation of 
central brightness yields a preliminary value of 2.2 + 0.1 days for 
the period. Two outbursts from the active regions on the comet’s 
surface could be the cause of this variation. A shell structure in 
the hydrogen coma was also detected. The outbursts appear to 
contribute overwhelmingly to the Lyman-« activity of this comet, 
at a pre-perihelion heliocentric distance of ~1.5 AU. 

Comet Halley has a reddish dark nucleus with a radius of 
3+1 Кт (refs 1, 2). Various observations of OH, Н and other 
volatiles suggest that the core beneath this dark mantle could 
be the usual dirty ice. Water, the main constituent of the coma, 
is photodissociated into OH and H by solar ultraviolet radiation, 
resulting in a high-velocity component (—20 kms!) of the 
hydrogen coma. Further photodissociation of OH creates a 
low-velocity component (~8 km s !). In addition to these major 
processes, there are many minor photochemical processes which 
produce hydrogen atoms with various velocities?. 

The analysis of the dust behaviour of comet Halley in the 
1910 apparition^? suggested that water production was not 
necessarily uniform, a significant contribution arising from out- 
bursts (with velocities of several hundred metres per second) at 
three locations on the surface (two point sources and one crack 
at almost the same longitude). It appears that an outburst occurs 
when, due to the rotation of the comet nucleus, one of these 
sources faces the Sun. If this assumption is correct, it can be 
expected that analysis of the intensity variation of the hydrogen 
coma will determine the rotational period of the comet. 

The Lyman-a (1216A) imager onboard Suisei, the first 
Japanese interplanetary spacecraft, is a charge-coupled device 
(CCD) imaging detector with a field of view of 2.0? x 1.8? (153 x 
122 pixels) (ref. 6 and E.K., K.H. and M.T., in preparation). 
This imager took several hundred faint ultraviolet images of 
comet Halley during the 3 weeks following 26 November 1985 
(see Fig. 1). Figure 2 shows the synthesized images of Halley at 
00:00 30 November UT (active phase) and 04:00 28 November 
UT (inactive phase), respectively, obtained by superposing seven 
images on its first position, after adjusting for the comet's 
subsequent motion. 

The time-sequential analysis of the images showed the follow- 
ing activity of comet Halley (see also Fig. 1): During an inactive 
phase (Fig. 2b), the images were quite faint (04:00 28 Novem- 
ber). After that phase, an expansion of the hydrogen coma was 
observed, possibly arising from the photodissociation of a weak 
outburst. About 20 h after the blasting of this weak outburst, a 
bright pixel (which corresponds to a linear size of about 
40,000 km) appeared suddenly adjacent to the ephemeris posi- 


tion of the comet. The transit time over this distance of a. 


hydrogen atom with a velocity of 10 km 87! is about 1 h; thus, 
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Fig. 1 Time-sequential plot of observation intervals and activities 
of the hydrogen coma. Cross-hatched sections represent the 
observational time intervals. Triangular spikes indicate the times 
when the images taken included central bright pixels, suggesting 
the appearance of a jet. Diagonal lines crossing the figure have a 
slope of 2.2 days periodicity (solid line, strong outburst; broken 
line, weak outburst). The asterisk indicates that the images on this 
interval are taken in a compressed mode (to save data transmission 
time). The times when the images in Figs 2 and 3 were taken are 


indicated (@, (D). 


the phenomenon could be interpreted as the occurrence of a 
strong outburst. These events are observed repeatedly at 23:00 
26 November, 04:00 29 November and 09:00 1 December. With 
the appearance of this new hydrogen atom source, the images 
become brighter (Fig.2a), then gradually fade away as the 
hydrogen atom density decreases with the expansion of the 


‘hydrogen coma. The ultimate image is similar to Fig. 2b. A very 


similar sequence of events was observed during the week starting 
9 December. In particular, the flash at 04:00 10 December was 
essential in determining the period of the Lyman-a radiance 
variation. 

The difference between the active and inactive phases of the 
hydrogen coma suggests that the outburst phenomena over- 
whelm the other activity of this comet, at a heliocentric distance 
of ~1.5 AU. The time interval between flashes (strong outbursts) 
suggests a preliminary value of 2.2+0.1 days for the period of 


_ this activity. The rotational period of comet Halley is still con- 


troversial, but the above value is close to 2.23 days, the value 
derived by Sekanina and Larson^? from the analysis of dust 
behaviour in the 1910 apparition. It is also about five times the 
period of 10 h estimated by Whipple’, and about twice the value 
proposed by Le Fevre et al?. This last value has been criticized 
by West and Pedersen’. 

Expansion of the hydrogen atoms produced from photodis- 
sociation of the water outburst will form a shell structure, 
propagating with time in the hydrogen coma, because the vel- 
ocity of the hydrogen atoms is much higher than that of the 
parent molecules. The image in Fig. 2a shows such a shell, with 
a radius of about 0.58 x 10° km. At the comet's present location, 
the photodissociation time of water is about 2 days, comparable 
to the characteristic travel time of the hydrogen atoms in the 
coma; therefore, the width of the shell is very large. When Suisei 
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Fig.2 Іутап-а images of the hydrogen coma of comet Halley 
taken at a, 00:00 30 November vT (active phase) and b, 04:00 28 
November uT (inactive phase). The vertical and horizontal 
dimensions of the photographs are both 2.5 x 10° km (at the comet's 
position). The comet nucleus (located at the intersection of the 
white marker wedges) is at (right ascension, declination) = 
(01h 41 m, 15° 50") on the 1950.0 star atlas іп a and (01 h 56 m, 
16° 50") in b. The distances of comet Halley from the Sun and 
Suisei are а, 1.50 and 0.84 Au, and b, 1.53 and 0.83 Av. The 
faintness of this image suggests that the outburst phenomena 
overwhelm the other activity of this comet. 


encounters the comet, on 8 March 1986, we would expect the 
shell to have a more sharply defined form due to the shorter 
photodissociation time. Our continuous observations over the 
next several months will allow detailed spatial and temporal 
studies of the hydrogen coma in comet Halley. 
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The observed ‘spokes’ in Saturn's rings have been interpreted as 
consisting of elevated, sub-micrometre sized dust particles!. Argu- 
ments in favour of this interpretation are, for example, the photo- 
metric properties (spokes are dark in backscattered, bright in 
forward scattered light), the dynamics (approximate keplerian 
rotation) and lifetime (less than half an orbital period). We show 
here that submicrometre dust particles sporadically elevated above 
the ring are subject to electromagnetic forces which will reduce 
their angular momentum inside synchronous orbit and increase it 
outside. When the dust is reabsorbed by the ring the angular 
momentum of the ring is decreased (increased) inside (outside) of 
synchronous orbit. For the case of the spokes in Saturn's B-ring 
we estimate that the timescale for transporting ring material due 
to this angular momentum coupling effect is comparable to the 
viscous transport time or even smaller. We suggest that the 
minimum in the optical depth of the B-ring at synchronous orbit 
is due to this effect. 

The temporal evolution of Saturn's rings is believed to be 
primarily determined by the angular momentum transport as a 
consequence of collisions between the differentially rotating ring 
particles". In addition, mass erosion effects, meteor impacts, 
resonances with satellites and moonlets and density waves?? 
are important. So far, electromagnetic effects have not been 
considered to be important because the electromagnetic forces 
on the typical big (~1 m) ring particles are small compared with 
the gravitational force of the planet. Only submicrometre dust 
particles aré significantly influenced by electromagnetic effects. 
We now discuss a potentially very important indirect mechanism 
whereby electromagnetic forces can affect the angular momen- 
tum transport in the ring and hence its long-term evolution. This 
indirect mechanism works through the small dust particles con- 
stituting the spokes. Note that if the spokes do not consist of 
elevated dust, but only of a rearrangement of dust particles in 
the ring plane, our mechanism would probably not be relevant. 
However, as mentioned earlier, the available evidence favours 
elevated dust, and then it is easily demonstrated that the effect 
is important. The spokes of Saturn have an optical depth of 
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770.1, and cover a fraction n 70.05 of the B-ring between 
1.7 R, and 1.9 R, (planetary radii). The mean particle size is 
5=3х 107° cm. The total mass in the spokes is thus _ 


4T 
М; = 04-2 тр," R2 


For a nominal material density of the spoke particles р, = 
lgcm^ we obtain М;=3 x 10? g (see also ref. 6). We argue 
- below that during the time a spoke particle is elevated it has ап 
average radial velocity of ~10? cm s^. Thus the total mass of 
the B-ring (7 x 10°! g) could be transported over a distance of 
0.2 R, in 10° yr. 
Consider a dust particle of mass m ejected at a radial distance 
r out of the ring plane. It has a charge Q. Its velocity is v,f + v4. 
If the planetary magnetic field corotates, the particle will be 
subject to a Lorentz force 





А di a. B GM, 
Pom Qlo,F+ (vg 7 0,061x7- 2”? (1) 


where Q, is the rotation rate of the planet, С the gravitational 
constant and c the speed of light. From the $ component of 
equation (1), we get (@ is in the direction of the ring particle 
rotation) 


á a 
ар (2) 


where £ = rv, is the specific angular momentum of the particle. 
We have assumed a dipole field, near the equatorial plane this 


15 
% RA. 
B- -a(£): (3) 


a- (93) R? 
mc 


For Saturn By=0.2G, and the planetary radius is К, = 
6x10? cm. When the particle is reabsorbed by the ring after a 
mean time, t, it has changed its specific angular momentum 


by an amount 
қ L 
AL= | = dt (4) 
0 


Since we are concerned here with particle populations, it is 
convenient to introduce the angular momentum per unit surface 
area 


and have introduced 


Фо” (5) 
where c is the surface density. In the following, we shall use 
subscripts R and S for rings and spokes, respectively. The rate 
of change of ring angular momentum can then be easily calcu- 
lated. 

Since in the absorption process of spoke material the total 
angular momentum must be conserved, the only angular momen- 
tum lost by the system is that calculated from equations (2)- (5). 
Hence, 





d£, d£ 
iiec Peri (6) 
dt dt 
The rate of change of the specific ring angular momentum is then 
dL, оқ 
RR AS - (7) 
dt opr 


from which we may compute the timescale for angular momen- 
tum change of the ring 


d£, V 2% 
: se s (S) E CRI (8) 


For all practical purposes, we may put Za = Ly, the Kepler 


LETTERSTO NATURE 


NATURE VOL. 320 13 MARCH 1986 








rrna a a ee 


2.4 | h 


Optical depth 
= 2 m 
N o o 
et 


5 
w 


| Spokes 

i } 
100,000 110,000 

Distance from Saturn centre (km) 


Fig.1 Optical depth variation in Saturn's B-ring'?. The horizontal 

line indicates the observed extent of spoke activity. The syn- 

chronous radius and the Mimas 2:1 resonance positions are also 
shown. 


value vGM,r. The radial evolution of the ring material is charac- 
terized by a velocity 


у= B= 9 
Lp dt орг 9) 
The radial velocity at impact сап be calculated from equation (1). 
Bo RÈ 
a= (9) (a) t (10) 
тс) r^ Nr 


To simplify matters we assume that the azimuthal velocity of 
the particle is everywhere the keplerian velocity. This is a good 
approximation as long as Ar/r«1. Thus the effective radial 
mass transport velocity is (we use L= r/ Ry) 


2 5 7/2 
(dal) -) je en 


Inside the synchronous orbit (r,=R,Ls, where О, = 0,) the 
mass transport is inwards, it is zero at synchronous orbit and 
outwards beyond r,- 

We note that the direction of the mass transport is independent 
of the charge sign. The reason is that inside synchronous orbit 
keplerian dust particles move faster than the corotating magnetic 
field and, therefore, always lose angular momentum to the planet 
(irrespective of the charge sign) whereas they gain angular 
momentum from the planet outside synchronous orbit. This 
change of angular momentum of one component determines 
the evoluton of the whole ring material. If the small particles 
remained in the ring they would quickly collide with, and be 
absorbed by, the large ring particles. In that case t would be 


‘small. If the elevated particles were bigger o5=4/3 pss7 


increases. However, if the charge is proportional to particle 
radius, s, (implying constant potential), w is inversely propor- 
tional to m, and the significance of the effect is reduced accord- 
ingly. The angular momentum coupling to the planet is thus 
most significant if small dust particles can be elevated above 
the ring plane, that is, where spoke-like activity occurs in the 
ring. These considerations suggest that the spokes in Saturn’s 
B-ring, so far regarded as a curious phenomenon without major 
consequences, may significantly affect the long term evolution 
of the B-ring itself. 

To make some numerical estimates of the effect, we consider 
the following. The spokes in Saturn’s B-ring presumably consist 
of ice grains with an average size of s=3 x 10 ^ cm (m = 107" р). 
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The azimuthally-averaged mass density is о, = т,т/п52= 
1.5x 105g cm? for 7,=0.1 and the fractional area covered, 
n = 0.05 (ref. 6). If spokes exist below the Voyager contrast or 
resolution level, which seems likely, then our estimates can be 
regarded as a conservative lower limit. The lifetime of a spoke 
is t, —9 x 10? s (ref. 7). The average charge of a spoke particle 
is not well known. Goertz? argues that Q — —200 e whereas Eplee 
and Smith? suggest that Q can be as large as О = —10,000 е. 
Here e is the electronic charge. The ring surface density оң is 
taken to be 60 g cm? (ref. 2). The effective radial mass transport 
velocity is 


e (9) e 


At L=1.8 the velocity w is 7.0x 10 ?(Q/ e)? cms^!. The trans- 
port velocity due to the ring viscosity is given by —v/r with 
v 7:20 сш? s^! s a typical value in the В-гіпр!. At L— 1.8 this is 
—2x107? cm s '. Thus mass transport due to electromagnetic 
angular momentum coupling to Saturn is of comparable import- 
ance even for Q/e —30 except very close to the synchronous 
orbit (L= L,=1.86). We note that the radial velocity of the 
spoke particles v,— —43(Q/e) cms ! at L=1.8. The elec- 
tromagnetic angular momentum timescale, as defined by 
equation (8), becomes 


-2 3/21-1 
қ-азхич(2) vh-(£) | 8 


At L— 1.8, and for Q/e = 100, this yields about 5 x 10? yr. Vis- 
cous time scales, Ty; = r^/ v, on the other hand give ~2 x 10"! уг: 

The viscosity of a particulate disk is a complex and not well 
understood function of the ring mass density?. In general, there 
will always be some particle diffusion due to collisions, as well 
as the systematic radial drift —v/r. We will discuss this else- 
where. Here we just note that a steady-state solution of the 
transport problem, including viscous and electromagnetic 
effects, will display a minimum in the B-ring near, but outside 
of the synchronous orbit. Figure 1 shows the optical depth 
variation of the B-ring on a linear scale. It clearly shows such 
a minimum. If the optical depth of the B-ring was originally 
constant at —2.5, corresponding to the values outside the 'syn- 
chronous minimum’, then the equivalent displaced mass corre- 
sponds to 9 х 10? g, about 13% of the current ring mass. Тһе 
timescale for displacing this mass can be estimated from the 
above considerations, and is significantly less than the lifetime 
of Saturn. If the electromagnetic angular momentum transport 
process really works as efficiently as we have calculated (this 
depends on the charge, mass and elevation of spoke particles) 
this implies that Saturn's ring system is not primordial, or that 
spoke activity has not been continuous. 

We have shown that the sporadic elevation of small dust 
particles above Saturn's ring, and their subsequent reabsorption, 
provides a mechanism for angular momentum coupling to the 
planet, provided the dust particles are charged. There is clear 
evidence that the spoke particles are, indeed, charged. Then the 
ring loses angular momentum inside synchronous orbit and thus 
moves towards the planet, whereas it gains angular momentum 
and moves away from the planet outside synchronous orbit. In 
this picture, the outer boundary of the B-ring follows quite 
naturally. 

At L-— 1.9485, angular momentum is transferred by strong 
gravitational torques to the moon Mimas (2:1 resonance). In 
this way, excess angular momentum is removed, and the ring 
material is clamped in place. The positional agreement between 
the outer B-ring boundary and the Mimas 2:1 resonance is very 
Bood. 

One may even speculate that the A-ring has evolved away 
from this resonance under the past influence of spoke-like 
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phenomena, or even due to the current action of weak activity 
below the Voyager observational threshold. 

Using reasonable values for the charge of the spoke particles, 
and observed ring and spoke properties, we have shown that 
the timescales for B-ring evolution due to the momentum coup- 
ling discussed here are comparable with, or even smaller than, 
viscous evolution timescales. 

This effect, combined with some stochastic spreading, should 
produce a minimum in the optical depth of the ring near, but 
just outside synchronous orbit. Such a minimum seems, indeed, 
to exist. We also note that the transport due to the momentum 
coupling should affect the viscous instability discussed in con- 
nection with the formation of ringlets” as well as the resonantly 
driven density and bending waves. Since spokes are observed 
only in the outer B-ring this may be less important for the waves 
in the A and C rings. 

In addition, the momentum coupling introduced across the 
ring by the processes discussed here, may lead to instabilities 
by themselves. This will be discussed elsewhere (C.K.G. and 
G.E.M., in preparation). 
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One major puzzle from the ground-based and Voyager observations 
of the saturnian system concerns the presence of the E. ring and 
its possible relationship to the icy satellite, Enceladus'~*. Several 
issues concerning the surface property and interior condition of 
Enceladus remain unresolved if it is the main supplier of the E-ring 
particulate matter. Here we explore the intriguing alternative that 
the mass supply and orbital configuration of the E ring may be 
derived from a mass and momentum coupling between the A ring 
and the tenuous E ring a process of plasmatization and recondensa- 
tion of the A-ring icy material. In the same way, the C ring could 
be replenished by the B ring. In this new view, plasma transport 
has a very important role in the dynamical evolution of the satur- 
nian ring system. 

The possible importance of plasma transport in the redistribu- 
tion of the mass of Saturn's rings has been discussed else- 
where’, The basic idea is that charged particles situated at the 
ring plane would be lost to the planetary surface by field-aligned 
motion if the radial distance is smaller than a certain critical 
value. For charged particles initially in co-rotation. for which 
the magnetic moment is negligibly small, the critical radius is 
R,=1.625R, (where R, is the radius of Saturn); and for 
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keplerian-launched charged particles with their magnetic 
moments defined by the difference between the co-rotational 
speed and the keplerian speed, the critical radius is R= 1.525R,, 
as determined by Northrop and Hill’ using the Z3 magnetic 
model’ and the J, and J, terms!° of the gravitational field of 
Saturn. 

The critical radius R, is located near a sharp transition in 
brightness in the B ring at R~1.64R,, and the second critical 
radius К. is situated only 20 km away from the inner edge of 
the В ring*-’. Plasma transport could therefore be instrumental 
in defining the ring mass distribution. Note that although North- 
rop and Hill considered the relevant charged particles to be tiny 
icy grains with a very large value of q/m (where q and m are, 
respectively, the charge and mass of the particles), I stressed 
the role of large water cluster ions in the mass-loss process (or 
. siphon flow)É. In principle, these two types of charged particle 
are the same as long as the charge-to-mass ratio is effectively 
very large. In the following we refer to the charged particles 
under discussion as water cluster ions and their parent neutral 
particles as water clusters, to distinguish their ring origin. If the 
loss rate of the water cluster ions remains the same throughout 
the existence of the ring system, which may be as short as 10? yr 
from dynamical considerations'"*, the average mass injection 
rate from the ring plane for R « 1.63R, to the planetary atmos- 
phere would be б-<0/10%уг-«<3.2х1077%р cm? 87! or М = 
4x 10? g s^! if the surface density is o = 100 g cm ?. This large 
influx of water ions and molecules could be very important in 
modifying the ionosphere of Saturn (by electron depletion), as 
discussed elsewhere®!*!©, 

One consequence of the ionization of the ring material is that 
the water cluster ions will be accelerated or decelerated to 
co-rotational motion depending on where they are produced. 
For those stably trapped in field-aligned motion (that is, not 
lost to the planetary atmosphere because of the siphon flow 
effect), they may be directly reabsorbed by the rings during their 
bounces across the ring plane. As the water clusters recondense 
on the surfaces of larger ring particles, they will be decelerated 
or accelerated to keplerian motion. This implies a very efficient 
method of exchange of angular momentum between the rings 
and Saturn. For orbital distances larger than the co-rotation 
distance ( R,,, = 1.86R,), there will be an acceleration effect with 
angular momentum transfer from Saturn to the rings, whereas 
the opposite effect holds for R < R,,, (ref. 8). It can be estimated 
that the ring torque from ionization and recycling of the ring 
material is of the order of L.— 5x10?! g cm? s^! as far as the 
A ring is concerned"; this value is comparable to the torque in 
the opposite direction from gravitational interaction with the 
shepherding satellites and the co-orbital satellites! '!?, Tt is thus 
clear that the electrodynamic effect from ring plasmatization 
could be of importance in holding the A ring in place. 

In addition to direct recondensation of the water (ion) 
clusters, another way to transfer mass and angular momentum 
is through accretion of the particles flung into elliptical keplerian 
orbits or ballistic escape orbits after their neutralization from 
the ring plasma. For cold ring plasma (as indicated by the 
brightness variation at 1.63 R,), the keplerian orbit of a neutral- 
ized particle will be determined by the radial distance (R,) at 
neutralization and the angular momentum (L,). From conser- 
vation of angular momentum and the condition of force balance 
of a particle in circular keplerian motion, the radial position of 
this ‘projected’ particle (Ry) can then be determined. 

Because the planet itself represents a perfect absorber, par- 
ticles with flight paths intercepting Saturn will be lost after the 
first launch. This condition then defines the inner limit of the 
inward projection of the plasmatized ring matter (originating 
from R< R,,,). Our computation, taking into account the J, 
and J, terms of the gravitational field, indicates that this limit 
is given as Ry min = 1.258R, for Romin = 1.691R,. If the C ring 
forms by the accretion of ring material injected from the B ring 
to balance the loss through siphon flow, the consideration of 
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Fig. 1 Angular momentum projection of the ionized ring material 
in the form of charged particles with 4/ т > oo after their neutraliz- 
ation. Conservation of angular momentum allows the determina- 
tion of the orbital radius (R,) of a particle flung into keplerian 
orbit (b) from its radial distance (Бо) at neutralization (a). Because 
of the absorption effect of the planet, neutral particles ejected 
inside R = 1.69 R, from co-rotating motion will be lost after the 
first launch. This process may define the inner edge of the C ring. 
At the same time, material ejected from the A ring would define 
the spatial extension of the E ring via angular momentum redistri- 
bution. 


the angular momentum budget would imply that the inner 
boundary of the C ring should be given approximately by Ry. min- 
The value of Ry min is indeed almost the same as the observed 
inner edge of the C ring taken to be at 1.235R,. The slight 
discrepancy could be explained, for example, by the thermal 
spread of the water cluster ions or collisional scattering effects. 

The E ring, which has a peak brightness near the orbit of 
Enceladus, has generally been thought to be the product of mass 
ejection from the surface of this icy satellite!?. The E-ring 
particles, with an average size determined to be a few micro- 
metres'®, have very short lifetimes against energetic charged 
particle sputtering and plasma drag (outward) transport??? 
Both mechanisms typically have timescales of the order of 
10°-10* yr. If the E-ring system is to be maintained as a per- 
manent structure, it will require a steady source?*. Below, we 
consider the possible contribution from the material ejected 
from the main ring system. 

As shown in Fig. 1, the particles neutralized from the ring 
plasma at different locations in the A ring will have angular 
momentum corresponding to R, between 3.0R, and 4.0R,. This 
means that interception of these particles in ballistic flight by 
the E ring beyond 4R, will lead to braking of the outward motion 
of the charged E-ring particles as a result of interaction with 
co-rotating thermal plasma. Furthermore, accretion of these 
water clusters will lead to replenishment of the material lost by 
the surface sputtering effect. The mass erosion rate of the E ring 
may be estimated as follows. For an average optical depth of 
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Tg 3 X 1077, a total area of Sp = 1.7 x 10?! cm? and an average 
particle size of d —3 рт, the total mass erosion rate can be 
given as Mg = —0.6 gs ! if the sputtering timescale is 10* yr. 
The injection rate and accretion rate of the water clusters 
from the A ring are more difficult to derive because the whole 
sequence of ionization, neutralization and final collisional 
assimilation must be very complicated. But we could use the C 
ring as a reference point in the sense that the maintenance of 
the C ringis conditioned by balancing the mass loss rate (through 
siphon flow) with the mass accretion rate (from the B ring): 


Tose ы Твӛв 
b h (D 


where t, is the loss timescale and t, the accretion timescale. 
From equation (1), t,~(7p/7.)t, or t,~ 20, (for equal areas: 
Se= Sy) as the optical depth of the C ring is 7, 0.1 and that 
of the B ring 757-2. When applied to the E ring, the effective 
value of the accretion timescale of matter injected from the A 
ring should be scaled by the probability of interception (P). As 
P,~=0(1) and Pg = 0(10 5), the total mass accretion rate will be 


RU 107? 54 
t 


a 


Ме (2) 
where f= 100 g cm ? is the factor converting optical depth to 
surface density, 7470.5, and 84 = 10? cm?. Thus, for t,— 
2x10’ yr, Mz* —0.8gs !; and it can be seen that Мь* = |М. 
This much simplified calculation therefore shows that the E-ring 
complex could be partially maintained by accretion of the A-ring 
water grains as well as acquisition of the corresponding angular 
momentum. Thus, the E ring could have a lifetime much larger 
than 10* yr as estimated before. 

In general, the plasmatization model of the rings requires the 
presence of many water clusters in the ring system. To maintain 
the loss rate of M —4x 106 gs"! and with photoionization as 
the only net ionization effect (timescale assumed to be ~10° s), 
the average number density of the water clusters (assumed to 
contain 1,000 Н.О molecules each) would be Tausiec = 
10’-10° cm? in the ring plane with a thickness < 10? km. Their 
existence can be tested by remote sensing methods or by in situ 
measurements. Neglecting the interception effect by the E ring, 
Пот! equation (2) we have the total escape flux N= 
10° Mg/ Mouster = 2 X 102 571. It is of interest to search for these 
water clusters and ions (after their re-ionization) in the mag- 
netosphere of Saturn using appropriate ion and neutral 
detectors/ analysers. 

Let us consider the physical constraints on the generation of 
cluster ions. Hypervelocity impact experiments have shown that 
tiny condensates form as part of the impact ejecta (E. Griin, 
personal communication). One reason for their formation may 
be related to the supersaturation (and hence recondensation) 
effect in the adiabatically cooling outflow of the expanding 
impact vapour. Secondary cluster ions have also been detected 
and analysed in ion sputtering experiments”. In the D-region 
of the Earth's ionosphere, water cluster ions are very abundant 
as a result of ion-neutral reactions”. As for the required number 
density of such large cluster ions, we shall adopt the assumption 
that there is a population of cool plasma stored in the so-called 
‘free-zone’ just above the ring plane”. Taking the vertical dis- 
placement of the centre of the azimuthally symmetrical magnetic 
field to be ~0.04 R, (ref. 9), the total volume of the plasma disk 
so formed can be estimated to be V — 1-8 x 1028 cm?, Assuming 
that the ring plasma contains mainly electrons and singly ionized 
cluster ions, we have the total mass loss rate caused by electronic 
recombination given as M, a,m.(n7)^ V, with a, as the elec- 
tronic recombination coefficient and n? as the number density 
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of the cluster ions in the free-zone. In laboratory studies?^, a, 
for water cluster ions H40*(H5O), with n = 0-6 has been deter- 
mined to be rather large (—10 ? cm? s !). Now, equating M, to 
10° Мь we find n; -—2-11cm ?, which is reasonably small. 
(Taking the larger value of nz —11 cm^?, which may be more 
appropriate for a thin plasma disk, the corresponding electronic 
recombination time is of the order of 10*s, which is a fraction 
of the bouncing period of the cluster ions and the planetary 
rotation period.) 

In the estimate of the accretion probability Pẹ, it was assumed 
that the water clusters pass through the E ring only once. In 
fact, in the present scenario, {Не water clusters emitted at radial 
distance less than 2.34R, will be in periodic elliptical orbits, 
and they could return to the E-ring region repeatedly until lost 
by ionization or impact. For instance, for К, = 2.20R, (and 
Ry —3.70R;), there will be about 10 returns if the ionization 
time is about 2x 10 s. This effect will increase the P, value by 
a factor of 10 and leads to a reduction of the total recombination 
rate by a similar factor. This means the momentum coupling 
between the A ring and the E ring should require only a moderate 
amount of mass ejection from the A ring. Note that, besides 
water clusters, atoms and molecules like H, O and Н.О (and 
thus their ionized counterparts) could in principle perform the 
same function in mass and momentum transfer. The role of 
large water clusters and cluster ions is emphasized here, as they 
would imply a very small value of electron number density 
(n, s 10 cm ?) along the magnetic flux tubes in the siphon flow 
process, whereas for atomic and molecular ions, п, = 
10°-10* сп”? is required. More quantitative work should clarify 
this point further. 

Finally, we note that the proposed scenario of the plasmatiz- 
ation and recondensation of the saturnian ring system is remi- 
niscent of the model of Alfvén?’ which relates the mass distribu- 
tion ofthe rings to the condensation process in a rotating plasma. 
The important difference is that the present model applies to 
the redistribution of ring matter after the initial formation of 
the ring system. We also note that other electromagnetic angular 
momentum transfer processes such as that discussed in the case 
of charged dust particles?? could be important and complemen- 
tary to the one described here. 
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A particle moving through a sea of stochastic impulses gains energy 
from the sea; this is a long-established property of brownian 
motion, given theoretical backing in the fluctuation-dissipation 
theorem’. However, this energy gain is generally neglected in 
describing circumstellar dust grains as slowly spiralling into the 
central star under Poynting-Robertson (P-R) drag. Stochastic 
forces on circumsolar grains arise from low-frequency fluctuations 
in surface charge and interplanetary fields, as has long been 
recognized”, but previous studies have treated the mean orbital 
energy as constant or slowly decreasing’. I show here that 
stochastic heating can balance and indeed overwhelm the dissipat- 
ive P-R drag for small grains (<1 рт scale radius). Furthermore, 
the consequent drift to the outer Solar System may cancel the 
strong collisional source inferred" for micrometre and sub-micro- 
metre fragments, explaining how their present distribution is stable 
in time. More generally, the stochastic heating mechanism com- 
bined with collisional fragmentation sets limits on dust accretion 
onto cool stars. 

The stochastic forces F^ are formally included in the Langevin 
equation of motion of a mass m in the gravitational field of a 
large mass М, as 


1 
ni- Mav (+) —FPR_F~ (1) 
r 


This generalized Kepler problem has been studied for other 
damping and stochastic forces; stationary solutions do exist in 
which, on average, energy gain compensates orbital damping, 
as demonstrated by Marshall and Claverie® in the stochastic 
electrodynamic model of atoms. Following these authors, we 
start from the corresponding Fokker-Planck equation in the 
hamiltonian variables” for the distribution function f 


ta (as +402) Q) 


This depends on assuming the fluctuations to be markovian and 
adopting the narrow-line approximation?. Then diffusive terms 
remain in the action variables, but not in the hamiltonian angles. 
The generalized force and diffusion coefficients are 


а = (FIR 8wj/ pj), bi = T (Aw,Aw,) (3) 


averaged around the slowly-changing Kepler orbits, bj being 
averaged also over the spectrum of fluctuations Aw arising from 
F^. In the Kepler problem, the w; are equivalent to total energy 
W1 = pip;/2m—mM,G/r, total angular momentum w, = V(p,p;) 
and angular momentum in a given direction w; = р; an alterna- 
tive formulation* employs the orbital elements instead of the 
above w; 

Stationary solutions of equation (2) are not available for the 
Kepler problemë. However, the principle and the physical scale 
involved are illustrated by the one-dimensional analogue includ- 
ing source Q and loss terms L: P 


L- i-ar) «oc - no (4) 
E ðE 


for purely circular orbits of scaled energy 
£ =Zw,/m=-2 M,G/r+p}/m?, 


pi/m? = M,G/r o 
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The Poynting-Robertson drag on a spherical grain of radius s 
(valid down to 0.3 um radius in general, down to 0.1 pm for 
iron and graphite grains) is? 


F= —(so/s)M°Gpe/ rc, 
so the damping force from equations (3) and (5) is 
а= FPR de/dp, = —(so/ s)2p2/ m?r?c (6) 


The Fokker-Planck coefficient arising from the fluctuating 
electromagnetic impulse is 


where so — 0.19 рт 


cL 40 5 2 2 
b=7 ҚАғАғ)-4 s Р.ар3/ mr? (7) 
where q is the grain charge, is a constant (solar angular 
speed), c is the velocity of light and P,, (0; i, 0) is the power 
spectrum of the fluctuating fields, to be averaged around orbital 
positions 6. Compare equation (7) with equation (20) of ref. 6, 
scaled by eccentricity; also (Aa?) of ref. 4 with arithmetical 
correction of a factor of 10 in equation (9). In the interplanetary 
medium, the mean Pnn is probably larger around orbits of small 
inclination i to the ecliptic plane than on highly inclined orbits 
(because reversals in the magnetic field direction which are 
confined to within x15? contribute strongly). For the present 
spherically symmetric analogue, we take as representative the 
rough value* 


Pin =5X 10% G? cm*s (8) 


corresponding to 1x10°nT* Hz! power in field fluctuations 
(1nT-107? G). This value lies between values measured at 
small and large heliolatitudes, and is good to a factor of 2-3 
(see ref. 6). 

The stationary solution to equation (4) with no source or loss 
terms and vanishing at large r is trivial: 


feexpj|Qa/b)de-1-2e*-1 fora@=—2a/b (9) 
since the parameters а and b have identical dependence (ос e?). 


In terms of radial distance, f —exp (R/r)—1 with the scale 
radius 


R = MGa = (so/ S) MoGm/ qQ)^c/ Pan 
= Rop?s? : 
Taking the grain charge q to correspond to a 5-V potential 


(4 = (5У,/300) e.s.u. for radius s in pm) and P,, from equation 
(8), the scale Rg is: 


Ro=1.0 AU uum? g ? cm? (11) 


(10) 


The exponential behaviour shows that stochastic heating is 
vigorous enough in r> R to readily compensate the P-R damp- 
ing; also, the inner region where damping dominates is smaller 
for smaller grains. 

In the Solar System, grains are destroyed by evaporation near 
the Sun (ғ = —oo0) or lost from loosely-bound orbits (ғ = 0); 
cornets and asteroids are sources of new grains, while both losses 
and gains result from fragmenting collisions!!. For simplicity, 
we follow ref. 7 by taking a source Q=®k\e|*"! with power 


` index k^ 2 and allow some loss [,8(є) at & —0. Then the 


stationary form of equation (4) integrates once to give the flux 


af 


J=af—ib—= 
af —3 32 


L,—®e|* (12) 


The distribution satisfying equation (12) is 


0 1 

f(e)=2 | ene) (1, ole) (13) 
є Ке? 

where Б ~ |є|? from equations (5) and (7). Formally, the loss 

integral is singular at є = 0 and we should take 1,->0. This is 

in part a consequence of the diffusion approximation, overcome 

in stochastic models having finite step size (as for comet orbit 
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Fig. 1 Net gain and loss rates (arbitrary units) due to collisions 
evaluated in ref. 7 at 1 AU for two different grain density models 
(solid line from interplanetary dust collection; dotted line from 
lunar microcrater counts), compared with the differential P-R loss? 
for spherical grains (S) and estimated enhanced loss for elongated 
grains (E), which assume spatial density variation as r^ !?. The 
upper size scale is for spherical grains of density 2.4 g cm >. 


‘diffusion’; see, for example, ref. 12), but in part results because 
b — ғ? so that particles accumulate in the outer Solar System 
until removed by accretion or fragmenting collisions. Indeed, 
at a distance of order 100 AU, where the solar wind degrades 
or terminates, b would fall off still faster and produce stronger 
accumulation. As this aspect is not modelled here, dropping the 
loss integral and taking f, as finite is legitimate. Thus we have 


lel G 
лӘ-езід-і» f e» (14) 


where the constant 8 = b|e| ? depends strongly on grain size 
(В oc s^). No cutoff in the source is needed at small e for k>2. 
Evidently for k —3,theintegraltakes the simple form of equation 
(9). An inner boundary condition could be imposed correspond- 
ing to evaporation of grains near the Sun, but all we need is to 
ensure that J «0 at 0.1 AU. The explicit solution available for 
k=3 is 


2 -1 
f= fot 20 exp ($sum) (15) 


after using equations (10) and (11), and setting p equal to 
24gcm^. The combined multiplicative factors do not vary 
strongly with grain size: the dependence is roughly Ф ~ s^? for 
$ «2 jum (or 10719; see Fig. 1), ®/af — s^ !. But the exponen- 
tial factor in equation (15) can be huge, for example exp (6,000) 
for 10-шп grains, because diffusion is very weak and sources 
and sinks dominate. Thus, the zodiacal light indicates that 
10-100-шп grains are confined to the ecliptic plane, as collisions 
and P-R forces dominate’. For 0.2-,.m grains, on the other hand, 
the diffusive solution varies relatively slowly, as exp (0.6 AU/r), 
and diffusive processes dominate. The boundary of applicability 
a the ME stochastic solution (14) is thus plausibly s = 0.5 pm 
10 7g). 

The scales are changed if damping forces operate that exceed 
the classical P-R force. Sputtering of grains by the solar wind, 
the direction of which is a few degrees from radial, gives? a 
pseudo-P-R force with doubled parameters a (of equation (6)) 
and Ro (of equation (11)) for prograde orbiting dust particles. 
A second variant covers highly-elongated grains partially aligned 
by the magnetic field, which scatter photons anisotropically and 
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suffer a mean tangential force many times higher than the P-R 
force!*, In the absence of particular analysis and knowledge of 
actual shapes, this may justify increasing P-R loss rates by an 
order of magnitude to balance the net collisional gains, as in 
Fig. 1 (dashed line E). Because the enhancement depends little 
on grain size‘*, it cannot explain the increasing divergence 
evident in Fig. 1 between gains and losses of grains smailer than 
a few micrometres. 

We have demonstrated that the stochastic energy addition 
ignored in previous studies can, in principle, overcome the 
spiralling in of dust grains due to P-R drag. The one-dimensional 
model explored here should be an adequate description of the 
problem. Variation with orbit eccentricity and inclination are 
not directly important, because orbital periods are unaffected 
and mean stochastic rates depend only weakly on them’. Insofar 
as P,, is up to 3 times higher for low-orbit inclinations, diffusive 
speeds may be higher and densities lower by a factor V3 in the 
ecliptic plane. The systematic electromagnetic effects that 
strongly deflect grains smaller than ~0.3 jum in the inner Solar 
System reverse sign with solar polarity every 11 yr; diffusive 
behaviour is thus valid outside Jupiter’s orbit, although periodic 
effects would be evident in the Earth’s neighbourhood. The 
u.m-sided grains released mainly in the ecliptic plane would 
diffuse initially in inclination^. Grains of a few micrometres 
have mean P-R drag reduced by energy gains, and so continue 
to orbit along P-R spirals; their space density depends primarily 
on diffusion out of the plane, not modelled here. Observations 
of the particle spectrum at 1 AU do show evidence of a new 
mechanism operating on submicrometre grains; the break or 
‘knee’ at around 0.5-1 jum in the size distribution!! would corre- 
spond to the change from source-dominated to stochastic 
diffusive-type solutions. The steeper spectrum of grains of s< 
1 um inferred by Lamy and Perrin, if confirmed to exist, would 
constitute the diffusion-dominated population. 

One longstanding issue concerning the zodiacal cloud is the 
nature of the source which replaces the estimated 10-20 tonnes 
5871 lost within 1 AU through fragmenting collisions'®. Short- 
period comets have been thought inadequate, but there are 
uncertainties in the estimates and other possible sources exist 
for the required sub-millimetre meteoroids’. The more pressing 
issue concerns removal of the fragments from collisions that we 
know must occur. Whipple’ supposed that one third of the 
fragments would go immediately into hyperbolic orbits, but 
found that the removal rate through P-R forces is only 5-10% 
of the production rate. Grün et ai.’ estimate a 50% loss to 
hyperbolic orbits but, excluding the counteracting stochastic 
effects, still only 5% through P-R drag (see Fig. 1). If, however, 
P-R forces were —10 times stronger, as appears plausible from 
the calculations for cylindrical grains'^, they could remove the 
excess in the 10-100-j.m range (10 5-107? в). Nevertheless, the 
strong excess production of micrometre and smaller grains 
remains (Fig. 1), so that their density would be increasing over 
the relatively short timescale of 10,000 yr. The present analysis 
identifies a new removal mechanism that can solve this con- 
undrum. The stochastic forces add energy on the average, eject- 
ing grains towards the outer Solar System. These grains might 
accumulate there over long periods of time and eventually 
perhaps accrete onto meteoroids and comets. 

I thank Trevor Marshall and Ajoy DasGupta for helpful 
discussions. 
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The possibility that the observed 26-32-Муг periodicity in the 
records of extinction events! and astrobleme ages? was caused by 
periodic episodes of physical bombardment of the planetary sur- 
face has raised the likelihood that such an astronomical clock 
also affects geomagnetic reversals^*. However, the detection? of a 
comparable 30-Myr harmonic in the geomagnetic reversal record 
has now been found to be an accident of data length while the 
earlier-reported" 32-34-Myr harmonic of the reversal record may 
well be an artefact of the data base. Here we examine the temporal 
relation between geomagnetic reversals and those catastrophic 
episodes which occurred during periods of frequent reversals. As 
geomagnetic history comprises long intervals of frequent reversals, 
alternating with intervals of fixed polarity, our rationale is that 
the geomagnetic field should be most susceptible to catastrophism 
during its relatively unstable periods of frequent reversals. We 
find spurts in the frequency of geomagnetic reversals at approxi- 
mately 30-Myr intervals, correlated with catastrophic episodes. 
These spurts can be seen as the geomagnetic signatures of terres- 
trial catastrophism, and we tentatively ascribe them to enhanced 
core turbulence during episodes of bombardment. The absence of 
reversal spurts during long intervals of fixed polarity is attributed 
to the failure during these intervals of the geomagnetic dynamo's 
bi-stable oscillations. 

Polarity reversals of the geomagnetic field have occurred often 
in the geological record?, although with varying frequency. The 
durations of the individual normal (N) and reversed (R) regimes 
have thus ranged from 0.02-0.03 Myr for the early Pleistocene 
(Olduvai)N-polarity intervals (‘subchrons’) to 20-70 Myr for 
the late Palaeozoic R- and early and late Mesozoic N-polarity 
intervals (Kiaman, Balkan and Gubbio ‘superchrons’). Figure 
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1 shows the variation of reversal frequency since the late 
Palaeozoic as seen through 5-Myr rectangular windows at 2.5- 
Myr intervals, based on a largely marine-derived magnetic 
record for the post-Callovian period? and magnetostratigraphic 
data? for earlier times. A rhythmic variation in reversal frequency 
with time is readily apparent here, with periods of few or no 
reversals (the fixed-polarity superchrons) lasting 20-70 Myr, 
alternating with equally long periods of frequent reversals (the 
mixed-polarity superchrons). The N and R interval lengths tend 
to increase towards the fixed polarity superchrons; however, the 
likely significance of this trend, reported in several recent 
studies'"'?, is obscured by an abrupt rise in reversal frequency 
following the late Triassic-early Jurassic N-polarity superchron. 
Similarly, although the lengths of the superchrons appear to 
decrease with age, this observation may be dramatically affected 
by any improvement in resolution and detection threshold, 
particularly as the Norian-Callovian reversal sequence remains 
far from complete. 

The time distribution of reversals is thus enigmatic. Fourier 
spectrum", maximum entropy”!*, Walsh sequency’, minimum 
dispersion? and autocorrelation'! analyses, for example, have 
been used to demonstrate the presence in the reversal spectrum 
of harmonics with periods of approximately 700, 250-300, 100- 
120, 45-70, 30-34 and 15 Myr. The incompleteness of the record 
casts doubt on the significance of the longer-period harmonics 
cited; even the proposed 30- and 15-Myr harmonics are con- 
troversial?!?!6. As for the 32-34-Myr harmonic’, the tentative- 
ness of the database and the inclusion of fixed-polarity super- 
chrons in the analysis (one of which is of —35-Myr duration) 
make its identification rather suspect. Its correlation with the 
26-32-Myr periodicity of catastrophic episodes is hindered by 
the failure to identify the associated geomagnetic signatures, as 
these episodes occurred during mixed- as well as fixed-polarity 
superchrons. From a theoretical standpoint, the postulated!^? 
random nature of the geomagnetic reversal process rules out 
the presence of well-defined harmonics in the reversal frequency 
spectrum. Thus, if there is a link between geomagnetic reversals 
and global catastrophe”, it is not revealed as a common 
periodicity. 

What then is the geomagnetic signature of a catastrophic 
episode? One possibility is that the reversal record is totally free 
of any such signatures. Another is that catastrophic episodes 
are expressed only in mixed-polarity superchrons. The post- 
Callovian record?, the most reliable segment of the data in Fig. 1, 
comprises two such superchrons: the post-Santonian sequence 
(from 83 Myr to the present) and the Oxfordian-Barremian 
sequence (—163-119 Myr). The first of these is analysed here, 
the latter having been too brief for a detailed analysis. 

Figure 2 shows the variations in reversal frequency since early 
Campanian based on the Lowrie-Alvarez (LA-81) timescale!? 
as seen through a 15-Myr window sliding at 1-Myr intervals. 
The reversal rate curve (a) shows clear fluctuations, with peaks 
in reversal frequency at about 65-75, 35-45 and «8-12 Myr 


Fig. 1 Geomagnetic reversal frequency as a function of geological 
time since the late Permian computed for successive 5-Myr seg- 
ments in 2.5-Myr overlaps using the timescale of Harland et al? 
for the post-Callovian («163 Myr) interval and magnetostrati- 
graphic data? for earlier times. The inset shows that the N and R 
interval lengths in this chronology are log-normally distributed 
(about means of 0.387 and 0.367 Myr, respectively), implying that 
intervals shorter than about 0.1 Myr have been almost as uncom- 
'mon as those longer than about 2 Myr. Long periods of few or no 
reversals (fixed-polarity superchrons) are indicated by letters: G, 
Gubbio (Mercatton) М interval; B, Balkan (Graham) М interval; · 
K, Kiaman R interval. 
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Fig.2 Geomagnetic reversal frequency (a) during the present 
(post-Santonian) mixed-polarity superchron, obtained by viewing 
the LA-81 timescale!? through a 15-Myr rectangular window, 
chosen in order to remove the 15-Myr harmonic of Mazaud et 
al." The overall trend of decreasing frequency with age is modelled 
here using a straight line fit (b): RF(T)=3.96-0.0445 T, where 
RF(T) is reversal frequency (per Myr) at any time T (Myr) during 
the past 90 Myr. The residual curve (c) is obtained by removing 
this linear fit from the reversal rate curve and clearly emphasizes 
the rhythmicity in the reversal rate curve, with spurts during the 
intervals 65-75, 35-45 and 8-12 Myr. 


superposed on a linear decrease with age. When we detrend this 
by removing a straight line fit (b), the residual curve (c) is found 
from the Fourier and maximum entropy analyses (Fig. 3) to be 
dominated by a 26-32-Myr harmonic. While the data length 
analysed here is too short to be able to call this a basic harmonic 
of the reversal record, these results do confirm the presence of 
three reversal spurts separated by —30 Myr. 

The assumption that these 30-Myr spurts in the reversal 
frequency are otherwise masked by a 15-Myr harmonic, which 
prompted our selection of a 15-Myr window, is amply demon- 
strated by the following analysis of the post-Santonian reversal 
record. Figure 4 shows the reversal frequency histogram 
obtdined when the LA-81 scale!* is viewed through a 5-Myr 
window, along with the corresponding power spectrum (inset). 
An overwhelming proportion of the power (280%) is accounted 
for by the 45-Myr and longer-period harmonics; the remainder 
is dominated by the 28-36- and 14-18-Myr harmonics. Also 
shown in Fig. 4 (dotted curve) is the reversal rate curve obtained 
by deleting harmonics of period <18 Myr. Reversal spurts 
centred at about 12, 38 and 67 Myr appear distinctly in this 
curve, corroborating the reversal rate curve obtained in Fig. 2 
by a 15-Myr smoothirig. 

Our results thus suggest that the presently continuing super- 
chron of frequent reversals is characterized by three clearly 
defined reversal spurts spaced about 30 Myr apart. If the 
geomagnetic reversal process were characterized by a 30-Myr 
periodicity, we would expect to see a reversal spurt ~30 Myr 
before the oldest of these three; that is, in Cenomanian or late 
Albian times. There was no such spurt; indeed, the field 
remained fixed in the N-polarity state throughout the 35-Myr 
Aptian-Santonian interval®. The preceding Oxfordian- 
Barremian mixed-polarity superchron did contain two such 
spurts at 130-140 and 155-165 Myr (ref. 5) (see Fig. 1), but this 
superchron was too short to allow detailed analysis. 
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Fig.3 Fourier (a) and maximum entropy (b) spectra for the 

residual curve of Fig. 2. Note the dominance of a 26.7-32.1-Myr 

harmonic, reflecting the removal of shorter-period harmonics by 

the 15-Myr smoothing, and of longer-period harmonics by linear 

detrending. The 6.2-11.6-Myr periods in these spectra indicate 

leftovers from the smoothing process used to compute the reversal- 
rate curve shown in Fig. 2. 
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Fig.4 The reversal frequency plot obtained by viewing the LA-81 

scale! through a 5-Myr rectangular window, before (histogram) 

and after (dotted curve) filtering the 18-Myr and shorter-period 

harmonics. The inset shows the power spectrum obtained from the 
unfiltered data. 


Our finding that reversal spurts indeed characterized the 
mixed-polarity superchrons, occurring approximately once 
every 30 Myr since ~165 Myr except during the Cretaceous 
N-polarity superchron, prompts a search for a chronological 
link between these spurts and suspected catastrophic episodes. 
Evidence for the occurrence of global-scale catastrophic events 
iricludes impact craters, tektites and impactites signifying bom- 
bardment episodes, coeval geochemical anomalies implying an 
extraterrestrial origin for the bombardment, and the chrono- 
logically correlated extinction events as their attendant 
environmental repercussions. The terminal-Cretaceous and 
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Table 1 Correlation of reversal spurts and catastrophic episodes 








Reversals Evidences of catastrophism 
Polarity Reversal - Geochemical Extinction 
Geological time superchron spurt Astroblemes Impactites Tektites anomalies event 
Late-middle Miocene Mixed x x x x x 
Early Oligocene-late Eocene Mixed x x x x x x 
Palaeocene-late Cretaceous Mixed x x x x x 
Middle Cretaceous Fixed x x x 
Early Cretaceous Mixed x x x x 
Late Jurassic e Mixed x x x 
Early-middle Jurassic Fixed x x 
Late Triassic Mixed ? х х 
Late Permian Fixed x x 


terminal-Eocene catastrophic episodes are thus inferred from 
the presence of iridium and osmium anomalies associated with 
extinction events??? and from the discoveries of coeval 
astrobleme structures’, impactites? and microtektites?*7^, The 
middle-late Miocene boundary is similarly characterized by a 
major extinction event!, several impact structures? and the East 
European tektite strewn field?*?6, Palaeontological and crater- 
age data also indicate catastrophic episodes in the middle 
(Cenomanian) and early (Hauterivian) Cretaceous, late (Cal- 
lovian-Tithonian) and early-middle (Bajocian-Pliensbachian) 
Jurassic, late Triassic (Norian) and late Permian (Guadalupian- 
Dzhulfian), yielding an estimate of about 30 Myr for the perio- 
dicity of catastrophic episodes since the end of the Palaeozoic”. 

Table 1 summarizes a chronological correlation of reversal 
spurts and catastrophic episodes since the late Palaeozoic. 
Except for the late Permian and middle Cretaceous episodes, 
which occurred during the Permian R and Cretaceous N fixed- 
polarity superchrons respectively, all the other catastrophic epi- 
sodes are associated with reversal spurts. Questions remain 
about the presumed periodicity in the palaeontological record”, 
but Raup's? re-analysis has confirmed its statistical significance. 
Similarly, tektites are not universally regarded? as indicative of 
extraterrestrially caused catastrophism, although the inference 
thatthey representthe reworking of terrestrial material attendant 
upon bolide collisions is widely accepted. Note that Fig. 1 sug- 
gests an element of cyclicity in the occurrences of the alternate 
mixed- and fixed-polarity superchrons. The power spectrum in 
Fig. 4 reflects this, with a concentration of 280% of the total 
power in the 45-Myr and longer-period harmonics. Superposed 
on this pattern, the reversal spurts are so located in the mixed- 
polarity superchrons as if a basic 30-Myr harmonic in the 
reversal spectrum, extending back to at least 165 Myr and prob- 
ably to the late Permian, is masked during the fixed-polarity 
superchrons. In view of the correlations shown in Table 1, we 
suggest that the approximately periodic recurrences of catas- 
trophic episodes caused reversal spurts during the mixed- 
polarity superchrons. It would thus seem likely that these 
reversal spurts had little to do with any stochastic behaviour 
intrinsic to the geomagnetic dynamo mechanism and possibly 
represent an additive factor superposed on the otherwise random 
occurrences of reversals. 

The geomagnetic field is thought to arise from magnetohydro- 
dynamic motions in the Earth's fluid outer core?!, and reversals 
in polarity are likely to be caused by core turbulence??. The 
correlation of reversal spurts and catastrophic episodes can be 
explained in terms of enhanced turbulence in the core motions 
resulting from intensified physical bombardments of the 
planetary surface during the catastrophic episodes. The 
observed?^?^ diminution of field strength and departure from 
axial symmetry during a polarity reversal is consistent with a 
core turbulence model for reversals. Similarly, evidence from 
lunar magnetism?’ supports our suggestion that extraterrestrially 


"induced catastrophism can drastically affect geomagnetic 


behaviour. 

If catastrophic episodes indeed caused reversal spurts, we 
need to explain why fixed-polarity superchrons remained 
unaffected by them and why the spurts are of such long duration 
(relative to the duration of the catastropic episodes). The first 
of these results from the likelihood that the geomagnetic dynamo 
is locked into a frozen state during a fixed-polarity superchron, 
implying an occasional failure of its random bi-stable oscil- 
lations'?, from which a catastrophism-induced resonance cannot 
readily free it. As for the second, the explanation lies partly in 
the broadening effect of smoothing (Fig. 2) and filtering (Fig. 4), 
and partly in the possibility that the corresponding catastrophic 
episodes comprised multiple pulses, not isolated events. The 
latter suggestion is supported by the discovery^^ of several 
microtektite layers spanning a 10-Myr interval near the Eocene- 
Oligocene boundary. 
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reviews and Bill Napier and Victor Clube for helpful discussions. 
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Naturally occurring polymorphs of ALSiO, (andalusite, kyanite 
and sillimanite) have assumed a special significance for geologists 
because of their value as indicators of the pressures (P) and 
temperatures (T) experienced by metamorphic rocks’, and for 
materials scientists because the binary system ALSiO.-ALO, 
contains the important refractory mineral, mullite’. The equilib- 
rium stability field of sillimanite in natural rocks and the process 
by which it can be transformed to mullite for ceramic materials 
(mullitization) have received particular attention because of the 
role of cation ordering (AP*/Si^*) in stabilizing these struc- 
tures", Here we present the results of annealing experiments 
undertaken to determine the disordering behaviour of sillimanite 
crystals at high confining pressures. At P = 18-20 kbar and T = 
1,300-1,700 °C, they undergo partial melting to give a SiO.-rich 
melt. The residual crystals become progressively more disordered 
as they become enriched in А.О; until they transform to a 
higher-symmetry structure. Our observations shed new light on 
previous thermochemical studies of AI/Si order-disorder in sil- 
limanite and on the phase relationships between sillimanite and 
mullite. 

In principle, sillimanite should show an Al/Si disordering 
transformation at high temperature??. To study such a transfor- 
mation experimentally, however, high pressures must be applied 
to suppress the breakdown reaction sillimanite > mullite + SiO; 
and incongruent melting!!! The disordering reaction would 
result in a halving of the c unit-cell repeat and a space group 


change from Pbnm to Pbam*!?"?. and should be readily detect- 






Fig. 1 a,b, Dark-field electron micro- 
graphs, obtained using an !- odd 
reflection, of sillimanite annealed at 
1,550 °C, 18 kbar for 20 min. a, Stack- 
ing faults which resemble APBs in 
appearance can be seen ending at 
individual partial dislocations (for 
example at A) and at subgrain boun- 
daries (B). Two rounded inclusions of 
glass (?) can be seen at C. b, More 
regular APD-like features. c-e, Bright- 
field electron micrographs of annealed 
sillimanite crystals showing inclusions. 
с, 10h, 1,350 °С, 18 kbar. Isolated and 
relatively scarce inclusions, some of 
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able by single crystal diffraction methods. Reflections of the 
type [= odd are absent in diffraction patterns from disordered 
crystals?!?!?. but are present and sharp in ordered sillimanite 
diffraction patterns?. (The incommensurate superlattice of mul- 
lite gives pairs of reflections about these | = odd positions’), 
The original intention of the present experiments was to bracket 
the Pbam=Pbnm transformation in sillimanite by the use of 
high-P and - T annealing experiments and transmission electron 
microscopy (TEM). 

Natural sillimanite crystals from Connecticut, USA (Cam- 
bridge mineral collection no. 3076) were annealed in sealed Pt 
capsules at pressures of 18-20 kbar and temperatures of 1,300- 
1,690 *C for 0.3-10 h in a piston-cylinder apparatus. The product 
crystals were examined at 100kV in an AEI EMG or a 
JEM100C electron microscope, as crushed grains deposited on 
carbon film and as ion-beam-thinned slices. The starting material 
had no pervasive microstructure and gave strong, sharp | = odd 
reflections in electron diffraction patterns. The product crystals 
contained abundant dislocations, both isolated and in subgrain 
boundaries (Fig. 1), features resembling antiphase houndaries 
(APBs) in dark-field images formed with ! = odd ref ections (Fig. 
la, b) and small inclusions on a scale of ~200-2,000 A (Fig. 
1с-е). In addition, the intensity of !=odd reflections in the 
electron diffraction patterns showed considerable variation. The 
observations are summarized in Table 1. 

The APBs were commonly observed to end at dislocations 
(Fig. 1a), but in some cases formed quite regular domain tex- 
tures (Fig.1b). Antiphase domains (APDs) with a stacking 
vector of 3[001] would be expected to appear during an ordering 
transformation from Pbam to Pbnm in sillimanite. The same 
stacking mistakes can also be generated by the passage of partial 
dislocations, however, since deformed sillimanites commonly 
contain [001]-type dislocations which dissociate into partials 
3[001]--3[001] (refs 13-16). Stacking faults between partials of 
this type also have a displacement vector of 3[001] and cause 
the juxtaposition of Si next to Si and Al next to Al where, in 
defect-free regions, the Al and Si would alternate in a fully 





0:5 um i 


which are associated with dislocations (arrowed). d, 30 min, 1,680-1,690 *C, 18 kbar. Abundant inclusions, interpreted as 
consisting of silica-rich glass. e, 30 mins, 1,680-1,690 С, 18 kbar. Large inclusions apparently formed by nucleation at a 
subgrain boundary. Electron diffraction patterns from the inclusion-free zone have | — odd reflections absent. 


152 





Table 1 Annealing conditions and microstructures of heat-treated 
sillimanite crystals 


Annealing 
T (*C) P(kbar)  time(h) 


1,680-1,690 20 0.5 


Run no. 
S10 


Product* 


~15-20% inclusions; 
l= odd reflections 
generally weak, but 
absent in inclusion- 
free zones. : 

Abundant inclusions; 
1= odd reflections 
generally weak, but 
absent in inclusion- 
free zones. 

Abundant APBs; many 
‘inclusions; |= odd 
strong. 

Many inclusions; 
abundant APBs; [= 
odd strong. 

Inclusions ‘scarce; 
abundant APBs; 1- 
odd strong. 

Relatively scarce 
inclusions; abundant 


55 1,650 18 0.5 


87 1,620 20 0.66 


52 1,550 18 0.33 


SI 1,450 20 1.0 


S4 1,350 18 10 


APBs; != odd strong. 


S3 1,350 20 0.5 Relatively scarce 


inclusions: abundant 


APBs; ! — odd strong. 


S12 Inclusions scarce; 
abundant APBs; {= 


odd strong. 


1,300 20 9 


* All products also contained abundant dislocations. 


ordered manner'*-'®, Once formed, these stacking defects would 
be free to migrate, and configurations resembling true APD 
textures might result. The common association of APB-like 
features with dislocations suggests that a deformation origin is 
the most likely explanation for their occurrence ïn the present 
case. 

We interpret the small inclusions in Fig. 1c-e as silica-rich 
glass resulting from partial melting of the sillimanite crystals. 
They are typically associated with dislocations and subgrain 
boundaries, suggesting heterogeneous nucleation of the melt. 
In some cases they are slightly elongate, with flat sides parallel 
to c and rounded ends. Their amorphous character has been 
deduced from the absence of any diffraction maxima other than 
those of sillimanite and from the lack оѓ diffraction contrast 
within tbe inclusions. Small fragments of isotropic material were 
also observed by high- magnification optical microscopy in the 
1,680-1,690 *C run product. 

Crystals from runs at 1,300-1,550 *C gave diffraction patterns 
with strong / = odd reflections and had relatively few inclusions, 
which were less homogeneously distributed (Fig. 1c}. Crystals 
annealed at 1,620 °C had a higher density of inclusions but. the 
I — odd reflections were still strong. Crystals from the two high- 
est-temperature runs contained significantly more inclusions (up 
to 15-20% at 1,680-1,690 °C; Fig. 1d), and diffraction patterns 
from these contained obviously weakened (but still sharp) /— 
odd.reflections. One relatively inclusion-free region from the 
1,680-1,690 °C run (Fig. 1e) gave diffraction patterns with /= 
odd absent. In this case, a subgrain boundary had evidently 
provided suitable sites for heterogeneous melt nucleation; 
diffusion of Si and Al between the liquid and residual crystal 
then occurred on a sufficient scale to leave an inclusion-free 
zone. Small inclusions of glass were spread more homogeneously 
throughout the rest of the crystal. It is clear, therefore, that 
partial melting at the highest temperatures was accompanied by 
substantial Al/Si disordering. 
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Гір. 2 Lattice parameters of mullites from ref. 4 (open circles) 
extrapolated to pure Al,SiOs. Filled squares are lattice parameters 
of sillimanite used as starting material. Filled circles indicate a, b 
and c parameters for residual sillimanite after annealing at 
1,600 °С, 1,650 °С and 1,685 °С. Approximate fits of the experi- 
mental data to the extrapolated curves give rough estimates of the 
compositions of the residual sillimanites. The most aluminous 
product (1,685 °С) fits with Xano, 70.1 and a composition of 
—ALb[AL, 2801. KON 9 





510, 


Al,Si0, AL,0, 


Fig.3 Postulated phase relations (schematic) of a part of the 
SiO;-ALO, system close to Al SiO; for high temperatures at 18- 
20 kbar. Тһе PbnmzzPbam transition is shown as having non-first- 
order character, and a stability field for a sillimanite-mullite solid 
solution with disordered Al/Si (Pbam) is suggested. L, liquid; S, 
sillimanite; S, sillimanite solid solution; SM. sillimariite-mullite 
solid solution. Dotted lines indicate metastable extensions up to 
thé equilibrium order-disorder transformation temperature (7.) 
of pure sillimanite. At lower temperature there is a жаншу сар 
between sillimanite and mullite“ $2025. 


The siliceous nature of the melt was suggested initially by the 
low-pressure melting relations for the system SiO;-ALO;, іп 
which the combination of silica-rich liquid and alumina-rich 
solid predominates’’ . Al-enrichment of the residual sillimanite 
in our runs is also suggested by changes in lattice parameters 
(determined from X-ray powder diffraction data) towards those 
of mullite. Specifically, the sillimanite showed an increase in а 
and b dimensions with increasing annealing-temperature, while 
c decreased. very slightly. Similar ehanges have been reported 
in previous high-pressure experiments!!! *?, although some 
authors have attributed them to variations in Al/Si order at 
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constant composition!^!'?, A very rough estimate of the com- 
position of the final sillimanite after heating at 1,680-1,690°C 
can be made by extrapolating the mullite parameters‘ to pure 
sillimanite (Fig. 2). Given the short annealing time, this approxi- 
mate composition does not necessarily represent an equilibrium 
state. 

These experimental observations shed light on the process of 
mullitization at high pressures, on interpretations of ther- 
mochemical data for Al/Si disordering in sillimanite, and on 
the relationship between sillimanite and mullite. First, when 
sillimanite is heated at atmospheric pressure it breaks down by 
a solid-state reaction to mullite+SiO, (ref.6). Our TEM 
observations suggest that mullitization at 18-20kbar would 
occur by partial melting. The total melting interval (from 
~1,300 °С to at least ~1,700°C) is rather large for a simple 
binary system (А1,О;-510,). The apparent melting at 1,300- 
1,500 °C may depend on the presence of impurities and trace 
amounts of water, especially since natural sillimanite can contain 
significant amounts of structural OH groups?". The only impurity 
detected by electron microprobe analysis of this sample was 
iron (~0.9 wt % Fe;O., assuming all Fe present as Fe?*). 

Second, annealing sillimanite at high P and T induces a 
significant enthalpy change relative to untreated natural crys- 
tals'', Navrotsky et al.!! found that the lattice parameters and 
heats of solution in lead borate of sillimanite crystals heated at 
1,400-1,500 *C (16-23 kbar) show relatively small changes, but 
more substantial effects were found for crystals heated at 1,600- 
1,700*C (16-23 kbar). In both temperature ranges, at 18- 
20 kbar, our annealed products show high dislocation densities, 
APB-like defects, and inclusions. Some degree of Al/Si disorder 
at 1,400-1,550 *C may be implied by the calorimetric results and 
is certainly present at the APB-like defects. Because enthalpies 
of vitrification are usually substantial compared with enthalpies 
of ordering?', however, it is possible that at least part of the 
heat-of-solution changes might be attributed to the presence of 
glass in the annealed products. Moreover, the break in behaviour 
observed by Navrotsky et al. at 1,550-1,600?C appears to 
coincide with a change in the proportion of inclusions present 
in our material. We have examined some of the original samples 
prepared for the calorimetric study (generously lent to us by 
Professor R. C. Newton) and, although we were unable to 
characterize them fully because they were too finely ground to 
prepare for TEM by ion-beam thinning, they did appear to have 
similar microstructures to those described above. 

By analogy with order-disorder transformations in other 
mineral solid solutions?, the equilibrium order-disorder tem- 
perature, Tora, for the Pbnmz*Pbam transformation should have 
a maximum value for pure Al,SiO;. At this composition the 
ratio of tetrahedral AI to Si in sillimanite is 1: 1; as the compo- 
Sition deviates from this stoichiometry, T,,, should decrease. 
Pbam crystals have been produced in the present experiments 
at 1,680-1,690 °C by partial melting; that is, they crossed the 
Pbnm=Pbam transition by changing composition. T,,4 for pure 
sillimanite must, therefore, be at a higher temperature (at 18- 
20 kbar), in agreement with a value of ~1,740 °C estimated on 
the basis of a statistical mechanical model of the disordering?. 

Figure 3 shows a schematic phase diagram illustrating the 
order-disorder and melting relations as interpreted here. Many 
uncertainties remain but there are some interesting contrasts 
with solid-solution behaviour at lower pressures. From obser- 
vations of two-phase assemblages*? and of sillimanite-mullite 
intergrowths which developed from initially homogeneous crys- 
tals by exsolution™*, it is clear that there is a miscibility gap 
between mullite and sillimanite at geological pressures and 
temperatures^?. Some natural crystals have been found to have 
intermediate compositions, but these are ordered, with sil- 
limanite-type ordering reflections??5, Disordered crystals have 
not yet been found in nature. We suggest, on the basis of our 
experiments, that an equilibrium stability field for a Pbam sil- 
limanite—mullite solid solution may exist between ordered sil- 
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limanite (commensurate, Pbnm) and ordered mullite (incom- 
mensurate) at high pressures and temperatures. Further experi- 
ments are under way to test this hypothesis and to bracket the 
order-disorder transformations within the solid solution. 
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Rapid pressurization of liquid metals has been shown both theoreti- 
cally and experimentally to yield appreciable undercooling!?, With 
the aim of demonstrating metastable phase formation by this 
technique, we have now performed a rapid pressurization experi- 
ment оп an Als Mn», alloy and studied the product thus obtained. 
This was found to contain the metastable icosahedral phase first 
reported by Shechtman et al.? and studied extensively by many 
authors 4-9, (Pauling? has recently suggested that the same phase 
can also be indexed to a large cubic cell. However, our conclusions 
on the formation of metastable phases will be unaffected by the 
outcome of this controversy.) We have also found that a new 
metastable cubic ferromagnetic phase of composition Al,Mn 
coexists along with the icosahedral phase. The rapid pressurization 
technique shows promise of becoming a method for obtaining 
rapidly solidified microstructures and phases in large volumes. 

Concomitantly with pressure application on a liquid alloy 
contained inside a die, three important processes occur: (1) the 
liquidus rises for all metals that contract on solidification; (2) 
there is an adiabatic heat release; and (3) the thermal contact 
at the metal/die interface improves (see ref. 2). If the rise in 
liquidus temperature exceeds the rise in temperature due to the 
adiabatic heat, a net undercooling results which can drive rapid 
solidification. These undercoolings are high, for example 
7130 K for aluminium when pressurized to 5.7 GPa (which is 
adequate for complete solidification purely by pressure applica- 
tion). If the adiabatic heat is dissipated by the efficient thermal 
contact, then the resultant undercooling will be even greater 
than given above?, . 

Rapid pressurization of the АІ Мп; alloy was carried out 
in a simple piston cylinder apparatus made of ‘maraging’ (high- 
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Table 1 Observed d-spacings and intensities from Alg9Mn», rapidly pressurized alloy 
Cubic 
Icosahedral Observed Expected p phase Al;Mn phase ALO, 
Lv. d(nm) indices (d/d(100000)') (4/4(100000)”!) d(nm) Intensity (hkl) (hkl) (hkl) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
w 0.638 0.636 MW 
VW 0.610 0.607 VW 
VW 0.555 0.549 VW 
VW 0.505 0.505 VW 
ХУ 0.487 . 0.492 VW (110) (111) 
VW 0.438 (002) 
VW 0.413 0.412 VW 
w 0.374 (110001) 0.58 0.56 0.371 уу (020) 
VW 0.331 (111010) 0.65 0.65 0.334 WwW 
VW 0.295 0.299 MW (220) 
VVW 0.286 (022) 
ЭУ. 0.268 0.269 уу 
w 0.261 (202) 
St 0.252 0.249 w (113) (311) (104) 
w 0.244 0.241 M (222) (110) 
M 0.232 0.231 MW (130) 
St 0.226 0.225 MW (131) 
St 0.215 (100000) 1 1 0.215 M 
St 0.209 0.208 VSt (310) (400) (113) 
St 0.204 (110000) 1.058 1.051 0.203 St (311) 
St 0.201 0.201 M 
MW 0.188 0.189 w (223) 
VW 0.184 (133) 
VW 0.177 0.177 Vw 
VW 0.173 (042) (422) (024) 
VW 0.169 
VVW 0.164 (224) 
VW 0.161 (333) 
VW 0.160 (116) 
VVW 0.153 0.152 (242) 
VVW 0.151 
M 0.148 (111000) 1.45 1.45 0.148 VW (006) (440) 
VW 0.147 
VW 0.145 (111100) 1.49 1.49 0.145 VW 
M 0.143 0.143 VW (243) 
VW 0.140 0.140 M (531) (124) 
vw 0.137 (030) 
w 0.131 0.1306 w 
0.1296 St 
M 0.1272 (101000) 1.69 1.70 0.1272 St 
M 0.1258 0.1260 ү 
0.1254 WwW 
W. 0.1248 0.1248 VW 
WwW 0.1238 0.1236 M 
w 0.1226 0.1228 VW 
VW 0.1169 (211000) 1.84 1.82 
VVW 0.1140 
VVW 0.1123 0.1121 MW 
VW 0.1117 0.1115 VW 
VW 0.1093 (110010) 1.97 1.97 
M 0.1070 (200000) 2.01 2.00 0.1070 MW 
0.1067 MW 
VYW 0.1056 0.1056 уу 
VYW 0.1035 0.1036 MW (226) 
VVW 0.1013 (220000) 2.13 2.10 0.1010 VW 
VYW 0.0996 (1,2,10) 


A long-exposure (12 h) Debye-Scherrer photograph obtained with Fe Ka radiation was used. The icosahedral phase was indexed as explained 
in the text, the indices for AlgMn and a-AL,O; were obtained from the JCPDS' powder data file (card nos 06-665 and 10-173) and the d-spacings 
of the ш phase were obtained as described in the text. St, Strong; M, medium; W, weak; V, very. 


strength) steel. The alloy was melted in air at 1,245 K in a 3-mm 
diameter (4-mm height) cylindrical cavity and was rapidly 
pressurized by forge hammer application on the cold piston. 
The piston and the liquid alloy were thermally isolated by 
a hot 1-mm asbestos cloth placed on the liquid metal. We 
estimate that the sample was pressurized to ~2 GPa in «200 ms 
(refs 1, 2). 


The product of the rapid pressurization experiment was mag- 
netic. A vibrating sample magnetometer measurement of the 
sample showed the presence of a ferromagnetic phase with a 
Curie temperature of 800 K. The sample was then analysed by 
X-ray powder diffraction. The observed d-spacings with their 
assignment to various phases are shown in Table 1. The diffrac- 
tion pattern from the icosahedral phase (we have used the 
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Fig. 1 Microstructure of the rapidly pressurized sample. The com- 
positions of phases A, B, C and D are given in Table 2. 


Table 2 Chemical composition (in atomic 96) of the various phases 
shown in Fig. 1 . 





Al Mn Fe о 
Phase A 74.99 24.81 0.20 -- 
Phase В 78.53 20.58 0.89 — 
Phase C 82.41 17.20 0.39 — 
Phase D 32.70 1.01 0.09 66.20 


icosahedral indexing rather than the cubic indexing of Pauling*) 
was indexed on the basis of six independent vectors (1, +7, 0), 
(0, 1, +7) and (zx, 0, 1), pointing to the vertices of an icosahe- 
dron as done by Bancel et al’, where т = 1.618, the golden mean. 
In addition to the icosahedral phase, the X-ray powder pattern 
shows the presence of a cubic phase (a = 0.838 nm), the и phase 
of the Al-Mn system!®, small amounts of AlgMn and a little 
contamination of А1,О;. The X-ray powder pattern after mag- 
netic separation of part of the material showed a clear reduction 
in intensity of the lines from the cubic phase. The material, 
when heated at 1,180 K for 3 h in an evacuated quartz ampule 
(at —107$ torr), was no longer ferromagnetic and X-ray photo- 
graphs showed a complete transformation of the material to the 
u phase (with a little Al,O,), showing conclusively that the 
cubic phase is a new metastable ferromagnetic phase formed 
by the rapid pressurization process in the Al-Mn system. The 
transformed phase is the same as that obtained on heating a 
rapidly quenched Alz;Mn;; alloy at 700 °C for 3 h. A comparison 
of the X-ray photographs from the rapidly pressurized and 
rapidly cooled alloys after transformation shows a one-to-one 
correspondence between the X-ray lines, except for the presence 
of a few weak lines of Al,O; contaminant in the pressurized 
sample. Figure 1 shows the typical microstructure of the alloy. 
The presence of four distinct phases, A, B, C and D, was 
observed after initially etching mildly with a (FeCl, + ethanol + 
НСІ) solution followed by a deep etch with Keller's reagent 
(1cm? HF+1.5 cm? НМОҙ--2.5 ст? НСІ--95 ст? Н,0). The 
compositions of these phases were determined using an electron 
microprobe. Results obtained from the microprobe were correc- 
ted for fluorescence, beam absorption and atomic number 
against pure standards (99.99 wt% pure) and are shown in Table 
2. Microprobe results indicate that a small amount of iron from 
the steel dies had contaminated the material. The dark chain 
marked D was found to be an ALO; stringer left over from the 
melting experiment. 

Because the extreme brittleness of the sample precluded trans- 
mission electron microscopy, our evidence for correlating the 
phases to the microstructure is as follows. Phase A could be 
pitted completely with the FeCl, etch when etched for a long 
time. The other phases were relatively stable to this etch. We 
melt-spun alloys with compositions from Al;sMn;; to Alg;Mnie 
but could not find any phase that was similarly etched. However, 
as expected, we found that the icosahedral phases in these 
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ribbons and those with compositions from Alg;Mn,, to Alg9 Mri; 
etched similarly to phase C. The pressurization experiments 
were repeated with a 1-mm die cavity where a higher pressure 
than that applied earlier could be achieved. The sample thus 
obtained showed larger areas that would etch with FeCi, and 
also showed higher X-ray intensities of the cubic phase; -phase 
X-ray lines were also then much weaker. We conclude that phase 
A is the magnetic cubic phase. The u phase from the equilibrium 
phase diagram of the Al-Mn system? contains ~22 atom% Mn, 
and of phases B and C in Fig. 1, phase B must correspond to 
the м phase because of its composition. Phase C is therefore 
the icosahedral phase. The measured composition of phase C 
supports this conclusion. 

We conclude that the undercooling resulting from rapid press- 
urization can yield metastable phases, as is shown for the 
А1ьоМп›о alloy where the icosahedral phase and a new cubic 
ferromagnetic phase are obtained. The only other ferromagnetic 
phase in the Al-Mn binary exists at equi-atomic concentration '. 
The rapid pressurization technique is important because of the 
possibility of scaling it up to make near net shape components, 
which have rapidly solidified structures, without relying on rapid 
heat extraction. 

We thank Dr P. Rama Rao for critical discussions and for 
permission to publish this work. 
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During the past decade it has been shown conclusively that the 
incineration of municipal and industrial wastes gives rise to 
emissions of chlorinated dibenzodioxins and dibenzofurans. 
However, the mechanism by which these toxic compounds are 
formed has not yet been fully established. Some researchers believe 
that the presence of organically bound chlorine is necessary!, but 
others consider that inorganic forms of chlorine may also partici- 
pate in the process”. We now report the synthesis of a large number 
of chlorinated environmental pollutants in a simple high- 
temperature experiment. The results show that phenol and HCI 
are the most likely precursors of the chlorinated dibenzodioxins 
and dibenzofurans formed in the combustion of wastes. The depen- 
dence of the reaction on the concentration of НСІ indicates a way 
of controlling the formation of these toxic compounds during 
incineration. 

Phenol (1 mg) was mixed in quartz tubes with an aqueous 
solution (10 pl) containing a constant amount of СІ (3.7 mg), 
and variable [H*] (рН =0.75-14). The tubes were sealed and 
heated to 550°C for 5 min. After cooling, the residues were 
extracted with 100 pl of n-hexane. The extracts were analysed 
by gas chromatography-mass spectroscopy (GC-MS) and gas 
chromatography with electron capture detection. Aliquots (2 ш) 
of each extract were injected in splitless mode into a Hewlett- 
Packard 5880 A gas chromatograph with a fused silica column 
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Table { Chlorinated organic compounds produced by reaction of phenol with НСІ 





GC 
separate No. of Relative 
no. MS identification isomers concentration 
1 Monochlorobenzene 2 m 
2 Chlorophenol 2 m 
3 Dichlorobenzene 3 m 
4 Tetrachloropropene 1 m 
5 Pentachloropropene 2 т 
6 Trichlorobenzene 3 M 
7 Dichlorophenol 2 M 
8 Dichlorobenzofuran V 1 M 
9 Tetrachlorobenzene 3 M 
10 Trichlorophenol 2 M 
li Trichlorocresol 1 m 
12 Dichloroindenone 3 t 
13 Trichlorobenzofuran 2 m 
14 Pentachlorobenzene 1 m 
15 Tetrachlorophenal 2 M 
16 Tetrachlorocresol 1 m 
17 Tetrachlorobenzofuran 3 m 
18 Trichloroindenone 3 m 
19 Trichloromethyl- 
benzoquinone 1 m 
20 Hexachlorobenzene 1 m 
21 Monochlorodibenzofuran 2 t 
22 Dichloronaphthoquinone 1 t 
23 Pentachlorophenol 1 m 
24 Tetrachlorobenzodi- 
hydroquinone 1 m 
25 Dichlorohydroxyindenone 1 t 
26 Dichlorochromone 1 t 
27 Tetrachlorobenzoquinone 2 m 
28 Trichlorochromone 1 t 


GC 
Separate No. of Relative 

no. MS identification isomers concentration | 
29 Tetrachlorchromone 1 t 
30 Dichlorodibenzofuran 2 m 
31 Trichloronaphthoquinone 1 t 
32 Tetrachloronaphthoquinone 1 t 
33 Monochloroxanthrone 1 t 
34 Pentachlorodihydroxy- 

cyclohexane 2 m 
35 Trichlorodibenzofuran 5 m 
36 Trichlorodibenzodioxin 5 m 
37 Dichloroxanthrone 1 t 
38 Tetrachlorodibenzofuran 12 t 
39 Tetrachlorodibenzodioxin >10 т 
40 Trichlorobiphenyl 1 t 
41 Trichloroxanthrone 1 t 
42 Pentachlorobiphenyl 2 m 
43 Pentachlorochromone 2 t 
44 Pentachlorodibenzofuran 5 t 
45 Pentachlorodibenzodioxin 5 t 
46 Tetrachloroxanthrone 1 m 
47 Hexachjorocoumarone 1 t 
48 Hexachlorodibenzodioxin 5 m 
49 Hexachlorodibenzofuran 4 m 


50 Tetrachlorodihydroxy- 


tetrahydrophenanthrenone 1 t 
51 Heptachlorodibenzofuran 1 t 
52 Dichlorotriphenylbenzene 1 t 
53 Octachlorodibenzodioxin r t 
54 Octachlorodibenzofuran 1 t 
55 Hexachlorotriphenylbenzene 1 t 
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M, m and t denote major, minor and trace reaction products, respectively. 


(SE-54, 30 m, 0.22 mm i.d.). The GC-MS analyses were perfor- 
med on a Finnigan 1020 GCMS, and the mass spectra were 
tentatively identified by comparison with standard mass spectra 
libraries. Table 1 contains the result of the GC-MS analysis of 
the extract from the experiment at highest [HCI]; the list of 
identified chlorinated organic compounds is very similar to lists 
of pollutants found in flue gases from municipal incinerators. 

Figure 1 shows the amount of phenols produced, as a function 
of [HCI]; clearly, the reaction is very sensitive to [HCl]. At 
[НСІ] «10^ M no chlorinated compounds could be detected. 

Although the reaction time in these experiments was substan- 
tially longer than the residence time of fuels during incineration, 
the temperatures and HCl concentrations were such as may be 
achieved locally in a typical waste incinerator. Phenol and 
precursors to phenol are ubiquitous in household wastes. A 
reasonable hypothesis is that chlorinated organic compounds 
are produced from phenols, acids and any chlorine source in 
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log[HCI) (mol 177) 


Fig. 1 The formation of chlorinated phenols as a function of HCI 

concentration. At [НСІ] lower than 1073 M, по chlorinated com- 

pounds could be detected. O, Pentachlorophenol, W, tetrachioro- 

phenols; 0, trichlorophenols; A, total chlorophenols. Reaction 
conditions are specified in the text. 


the combustion zone. This hypothesis can easily be tested in a 
full-scale experiment in which acids from the fuels are neutral- 
ized during combustion. 

We believe that production of chlorinated dibenzodioxins and 
dibenzofurans is a probable, though not a necessary result of 
waste incineration. The high sensitivity of the chlorination reac- 
tion to [HCI] suggests that the emissions of these pollutants can 
be significantly reduced at low cost. Reduction of [HCI] in the 
combustion zone should be possible by injection of a suitable 
alkaline sorbent along with the fuel. 
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Glaciers provide a unique medium for the study of palaeoatmos- 
pheric chemistry", particularly in polar glaciers where chemical 
records may extend for at least several hundred thousand years. 
Glaciochemical records from remote, high-latitude areas provide 
a regional- to global-scale integration of past atmospheric 
chemistry. These records yield information regarding climate 
change^", volcanic events?? and solar activity, as well as the 
effect of human activities'’*. Although gaseous forms of organic 
carbon have been analysed in polar ісе! 14, we present here the 
first measurements, to our knowledge, of organic carbon from 
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Fig. 1 Concentrations of DOC, 


polar firn samples. Our measurements are among the lowest repor- 
ted for organic carbon in precipitation. The data indicate that 
dissolved organic carbon in Greenland snow has a seasonal deposi- 
tion pattern, with higher concentrations observed in the win- 
ter/spring period. Although we are unable to establish the source 
of the organic carbon in Greenland snow, three possibilities are 
discussed. 

The burning of fossil fuels and the clearing of forests have 
led to the increase in inorganic carbon input into the atmosphere 
that has been documented recently in polar ice cores. These 
processes introduce organic carbon and elemental carbon into 
the atmosphere as well'®!7, It is also evident that natural proces- 
ses may introduce quantities of gases and particulate organic 
carbon into the atmosphere!*-2, We now compare organic car- 
bon data for snow from a remote, high-latitude location with 
values from other, lower latitude locations and evaluate the 
feasibility of using ice core samples to monitor the historic 
record of both natural and anthropogenic organic carbon 
emissions into the atmosphere. 

In June 1984, a 2.3-m snowpit was carefully excavated ~40 km 
south-west of Dye 3, Greenland (65.01° N, 44.87° W). The snow- 
pit sampling was part of a larger programme that involved the 
electrochemical drilling of a 115-m core at this location and the 
collection of snow samples from several 1.5-m snowpits between 
the drilling site and Dye3. The sampling was carefully under- 
taken by individuals wearing polyethylene gloves, non-particu- 
lating clean-suits and particle masks. Samples for organic carbon 
analysis were collected at 10-cm intervals by pushing Pyrex 
tubes (previously combusted at 500 °C), horizontally into a 
cleanly scraped side of the snowpit. A tube was taken into the 
field, opened and closed and returned to our laboratory, filled 
with organic-carbon-free water and analysed as a blank. This 
blank was below our detection limit of 0.01 mgl^!. The mean 
of organic carbon values from 19 snow samples collected in 
snowpits from the depth range 0-150 cm between the primary 
sampling site and Dye3 was 0.11 mgl! with a range between 
0.03 and 0.32 mg 171, All samples were kept frozen until a few 
hours before analysis. Samples were analysed by injecting 10 cm? 
of melted snow into a Barnstead Photochem organic carbon 
analyser with a glass syringe. Potassium hydrogen phthalate was 
used as a standard. All glassware and syringes were cleaned 
and/or rinsed several times in Chromerge before use. Duplicate 
analyses of four samples gave the following results: 0.145 + 
0.005, 0.165 + 0.055, 0.10+0.01 and 0.07 +0.01 mgl". 

We report the values as dissolved organic carbon (DOC) even 
though the samples were not filtered before analysis. A few 
minutes before the samples were extracted from their containers, 
the tubes were swirled in order to homogenize the samples; this 
may have resuspended any particulate matter present. Samples 
were then drawn from the top of the liquid. Although colloidal 
organic material present in the samples was undoubtedly collec- 
ted and analysed by this technique, much of the particulate 
carbon present in these samples remained in the sample con- 
tainers. Recent work at Dye 3 indicates that only a very small 
percentage of the trophospheric aerosol collected in the spring 
season is composed of organic carbon?^. In addition, owing to 
the nature of our analytical technique (ultraviolet oxidation of 


chloride, sulphate and 8150 in snowpit, 


the sample), it is highly unlikely that the measurement includes 
any elemental carbon (soot) present in the sample. No attempt 
was made to assess possible adsorption of DOC onto the con- 
tainer walls during the thawing procedure. 

Figure 1 shows a plot of the DOC concentration versus depth 
in the snowpit. In addition, the values for Cl^ and SO; 
(measured by ion chromatography) are also shown. The DOC 
values are the lowest ever reported for precipitation (Table 1) 
In general, the DOC profile resembles those of СГ and 503 
Busenberg and Langway һауе demonstrated that the highest 
СІ” values in Dye3 precipitation occur in the winter, spring 
period”. Examination of the 5150 data from this snowpit (Fig. 1) 
suggest that the high DOC values are generally associated with 
lower temperatures (the correlation between Cl” and 810 is 
negative and significant at the 9596 confidence level). Because 
the major source of СІ” to this area is thought to be sea-salt 
aerosol””°, the DOC probably has a similar source, or is trans- 
ported along the same pathway. 

One explanation for the increased marine aerosol co mponent 
in the winter/spring snows of south-central Greenland is that 
it reflects increased storm activity, wave action and sea-salt 
entrapment in the ocean and atmosphere surrounding Green- 
land at this time of year. ‘Clean’ marine aerosols at ~41°S 
latitude contain a considerable amount of organic matter^^, 
Another explanation of this seasonal pattern of DOC deposition 
is that the sources of these chemical species (СІ`, SO} and 
DOC) may be distinct, but common atmospheric transport and 
removal processes lead to a similarity in depositional pattern. 
For example, the continentally derived element aluminium also 
shows a strong late winter/spring peak in central Greenland 
snow? similar to that of marine-derived species such as Cl. 
Therefore, a long-travelled continental biogenic source of the 
DOC is also possible. Andreae has shown that most organic 
carbon present in the tropospheric aerosol over the Atlantic 
Ocean has a terrestrial source!$, These compounds could be the 
products of gas-to-particle conversion of continentally derived 
gaseous precursors’, Finally, a local to regional terrestrial 
source of the DOC is highly unlikely as higher values would 
be expected primarily during the summer’. High SO? 
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Table 1 Меап dissolved organic carbon values for remote 
precipitation 


Concentration of DOC 


Location (тр!) Ref. 
Carrol Glacier, Alaska 0.15 31 
Hubbard Brook, New Hampshire 1.09 32 
Ithaca, New York 1.88 27 
Como Creek, Colorado 1.52 33 
Enewetak Aroll 0.27 (rainy season) 34 

1.18 (dry season) 

Alberta 1.6 35 
Colorado Rockiest 0.5 36 
Amsterdam Island As high as 0.4* 23 
Katherine, Australia As high as 0.6* 23 


oo eee 


* Values only for acetic and formic acid carbon. 
t Subsurface values. 
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concentrations in Arctic aerosols and snows during the win- 
ter/spring period are due to meteorological conditions that allow 
transport of air masses from anthropogenically impacted mid- 
latitude areas to the Arctic*®. The observed winter/spring DOC 
maxima may then also represent deposition of a continen- 
tally derived aerosol which has been affected by fossil fuel 
burning. 

Obviously, we lack the data to determine the origin of the 

DOC at this time and we cannot rule out the possibilities that 
the DOC may: (1) reflect an input of marine organic carbon 
and be similar in source to C17; (2) represent a natural continen- 
tal source similar to Al; or (3) have its origin from an 
anthropogenic source similar to the winter/spring SOZ” signal. 
Only by the detailed investigation of the specific organic com- 
pounds present in polar snows will a unique solution to the 
origin of DOC be found. It does appear, however, no matter 
what the source, that DOC may be useful as a seasonal indicator 
in Greenland ice. 
' Owing to the small number of samples analysed, the short 
time period represented by the snowpit and the lack of iden- 
tification of specific organic compounds, we cannot comment 
with any certainty on the effect of human activities on the DOC 
concentrations found in the Greenland snow. More detailed 
studies using ice-core samples could provide detailed informa- 
tion regarding historic organic carbon emissions as well as the 
ultimate source of the DOC. 

This work was supported by a contract from the US Environ- 
mental Protection Agency administered through North Carolina 
State University (APP-0306-1983). We thank W. Dansgaard and 
H. Clausen for the oxygen isotope analyses and J. V. James and 
T. Hinkley for help with sample collection. 
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Recently, it has been suggested that marine primary productivity 
can be influenced by direct inputs of fixed inorganic nitrogen 
(NO5, МО: and МН?) from atmospheric deposition, and that 
this may be important in shaping trends of productivity in coastal 
areas". It is known that anthropogenic contaminants аге trans- 
ported from North America to the Sargasso Sea, affecting the 
chemistry of rain water over this oligotrophic ocean area. Here 
we present data collected between 1982 and 1984 as part of the 
Western Atlantic Ocean Experiment (WATOX) by a wet-only 
precipitation collector on Bermuda. Our measurements of the 
anthropogenic fixed nitrogen in the rainwater samples are discussed 
in the context of the amount of nitrogen required to support ‘new’ 
primary production in the Sargasso Sea. We show that the effects 
of atmospheric deposition are insignificant. 

The suggested influence of precipitation on primary pro- 
ductivity was derived using sea water diluted with nutrient-rich 
deionized water and/or one or two natural local rainwater 
samples of unspecified composition. As this suggestion has 
severe implications for oceanic nutrient budgets, we felt it 
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required further consideration, especially as the nitrogen content 
of rain water has increased over the past 100 years because of 
anthropogenic emissions’. 

We have chosen the Sargasso Sea as a useful area in which 
to evaluate the effects of rain-derived fixed nitrogen sources for 
four main reasons: 

(1) It is a central ocean gyre, removed from coastal sources, 
with low rates of primary productivity? and therefore potentially 
susceptible to. 

(2) It has been shown to be 'downwind' of the North American 
continent which is a source of acid rain containing fixed nitrogen 
from anthropogenic emissions; long-range transport of this 
material can deposit this anthropogenic fixed nitrogen in the 
Sargasso Sea‘. 

(3) There is a large database available on the precipitation 
chemistry on Bermuda which can be extrapolated to estimate 
wet deposition in the Sargasso беа>6, There is also a considerable 
database of precipitation events monitored by ships in the Sar- 
gasso Sea’. 

(4) There is a long-term (31-yr) database on the hydrography 
of this area® and considerable data on primary productivity 
collected periodically at 32°N, 65°W over the same time 
period??. 

We have therefore attempted to assess the relative significance 
of the atmospheric fixed nitrogen source on the primary pro- 
ductivity of the Sargasso Sea using the considerable data 
available. 

From September 1982 to May 1984 we collected rain water 
on an event basis at High Point, Bermuda. Samples were spiked 
immediately after collection with a biocide (СНСІ;) to prevent 
chemical changes. Samples were analysed at the University of 
Virginia for МОҙ and NH; ions using colorimetric and ion 
chromatographic techniques'®. The results for 126 samples аге 
summarized in Table 1 as deposition rates, in pmol N per m? 
per event, calculated from the measured NHj and NO; con- 
centrations and the amount of precipitation for each event". 
There is negligible NOz in Bermuda rain**. Ranges and 
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Table 1 Wet deposition of NH?-N and NO;-N at High Point, Bermuda from September 1982 to May 1984 





Geometric mean 


Volume-weighted average” 


Component Minimum (umol М per m? per event) Maximum (umol N m^ d !) 
NHj;-N 1 32 470 13 
NO;-N 3 42 500 17 
(NHZ + NO3)-Nf 7 77 860 30 





For details of analyses, see ref. 10. 


* Calculated as volume-weighted average of МН2-М or МОҙ-М multiplied by the average precipitation in Bermuda of 152.5 cm уг”! (ref. 4), then 


divided by 365.25. 


T These values are different from the sum of NH; and NO; because the minimum and maximum values of NHŻ and NO, occurred іп different 


events, thus affecting the totals. 


geometric means are listed as well as the deposition rate in j.mol 
m ? day”, calculated from the volume-weighted average and 
the average annual precipitation for Bermuda (152.5 cm)*. The 
NO; appears to have a predominantly anthropogenic source in 
Bermuda precipitation* and can therefore be assumed to have 
increased over the past 100yr because of increased 
anthropogenic emissions? from North АтёМса. Sources of 
ammonium are probably related to agricultural practices in 
North America? and appear to travel with the acids in Sargasso 
Sea precipitation", There is little information on the concen- 
trations of organic nitrogen in rain, its form or whether it can 
be used for primary productivity. The organic nitrogen values 
that are available represent total digestions and are therefore 
overestimates'*. The concentration of organic nitrogen has been 
calculated to be 7.5 pmol 171, which corresponds to a flux of 
31.2 mol m? d^!, or approximately equal to the NH? and 
NO; input. 

Estimates of total primary production rates in the Sargasso 
Sea have been calculated as 72 g C m ? yr“ (ref. 3), and more 
recent measurements by our group yielded a similar value of 





Table 2 Average fixed nitrogen inputs to the Sargasso Sea 





Range of values 


Input (pmol N m^? d^!) Ref. 
Atmosphere 
a, Wet deposition 
NO;-N 6-29 5-7, 10, 17 
NH;-N 10-21 5-7, 10, 18, 19 
Organic N ~30 12 
Total wet deposition 16-80 
b, Dry deposition* 
Aerosols 
NO;-N 1-2 6 
NH;-N 0.1-2 6 
Organic N ? 
Gases 
HNO, 0.4-2 6 
NH; 0.04-40 
NO, 0.03-2 6 
Organic N ? 
Ocean 
In situ N, fixation 0.1 19 
From deep-water NO;-Nt 22-112 19 
Required for ‘new’ production ~1,700 8 
Estimated from 10-20% net 
productiont 220-630 





* Estimates of dry deposition rates to the Sargasso Sea have not been 
made; these represent estimates of global averages. 

1 Recalculated based on ref. 19. (Originally calculated as 225- 
1,350 pmol N m? d^, however a mathematical error in conversion of 
nitrate flux to m^? h^! resulted in an order-of-magnitude overestimate.) 

ł S. R. Smith, T.J. and A.K., unpublished data. 


90 g C m^ yr (S. R. Smith, T.J. and A.K., unpublished data). 
Using the ‘Redfield ratio'? of C/N of 106: 16 or the more recent 
ratio of 122:16 (ref. 14), and assuming that 10-20%% of net 
productivity is new production, there is a nutrient requirement 
of ~0.08-0.23 mol N m? уг”! or 220-630 pmo! N m^! й". The 
rates of primary productivity in the Sargasso Sea have recently 
been critically reviewed?; based on oxygen budget analysis, it 
is estimated that new (not ‘net’) productivity may be far greater 
than the proposed 10-20% of the net productivity гагев 2, It is 
probable that new productivity is as high as 50g C m ^ yr ! 
(ref. 9) which would then require 1,700 pmol Мт? d £. 

We have created an inventory of nitrogen sources to the 
Sargasso Sea based on our work and that of others ( Table 2). 
Even with the inclusion of organic nitrogen sources, nitrogen 
input due to precipitation ranges from 16 to 80 umol N m ? 
d~. The ‘low’ of 16 pmol N m 7 d™ is based on the possibility 
that organic nitrogen is not a usable source of nitrogen. 

This ‘new’ production may be supported by nutrient injection 
from below the euphotic zone. Klein and Coste's 1984 model'^ 
suggests that nutrients are injected in pulses with frequencies 
in hours in response to wind stress interaction with surface 
currents. Klein and Coste's average value for an oligotrophic 
area in the Mediterranean Sea is ~900 mmol N m? yr’ |, which 
corresponds to an average of 2,500 pmol N m ? d™'. Although 
we cannot extrapolate this result to the oligotrophic Sargasso 
Sea, it does serve to illustrate the range and magnitude of fixed 
nitrogen that could be provided by this source. Even if there 
was one major precipitation event, and assuming this lasted 1 
day and contained the maximum amount of fixed nitrogen that 
we have found (Table 1), it could supply only half the nitrogen 
required for new production?. 

As the Sargasso Sea is, in our opinion, an extreme case because 
of the significant anthropogenic component in North American 
rain, and because this anthropogenic component only reaches 
Bermuda during favourable meteorological events, we fee! we 
can generalize about other marine oligotrophic areas. We there- 
fore conclude that precipitation plays a minor part in the pro- 
vision of nutrients for primary productivity in oligotrophic ocean 
areas!^? even though there has been a considerable increase in 
nitrogen in rain water caused by anthropogenic sources over 
the past 100 years. 

We thank J. Tokos and W. Keene for coilection and analysis 
of the rain water, S. R. Smith for the primary productivity data, 
and J. Goldman and R. Duce for valuable comments on the 
manuscript. This work was supported by the US NOAA under 
the WATOX funding. Additional support was provided by the 
Bermuda Government. This is contribution no. 1081 from the 
Bermuda Biological Station for Research, Inc. 


Received 11 October 1985; accepted 15 January 1986. 


1. Paerl, H. W. Nature 315, 747-749 (1985). 

2. Brimblecombe, P. & Stedman, D. H. Nature 298, 460-462 (1982). 

3. Menzel, D. & Ryther, J. Deep-Sea Res. 6, 351-367 (1960). 

4. Jickells, T. D., Knap, A. H., Church, T., Galloway, J. N. & Miller, J. Nature 297, 55- 57 (1982) 

5. Church, T. M., Galloway, J. N., Jickells, T. D. & Knap, A. H. J. geophys. Res. 87, 11011-11018 
(1982). 


19 LETTERSTO NATURE 





6. Galloway, J. N. in The Biogeochemical Cycling of Sulfur and Nitrogen in the Remote 
Atmosphere (eds Galloway, J. N., Charlson, R. J., Andrae, M. O. & Rodhe, H.) (Reidel, 
Dordrecht, in the press). 

7. Galloway, J. N., Knap, А. H. & Church, T. M. J. geophys. Res. 88, 10859-10864 (1983). 

8, Wright, W. R. & Knap, A. H. Intergovtl oceanogr. Commn Tech. Ser. 24 (1983). ~ 

9. Jenkins, W. J. & Goldman, J. C. J. mar. Res. 43, 465-491 (1985). 

0. Galloway, J. N., Likens, G. E., Keene, W. C. & Miller, J. J. geophys. Res. 87, B771-8786 (1982). 

1. Keene, W. C., Pszenny, A. А. P., Galloway, J. М. & Hawley, M. E. J. geophys. Res. 
(submitted). 

12. Jickells, T. D. & Hillier, G. B. in Bermuda biol Stn Spec. Publ. No. 18, 63-66 (1982). 

13. Redfield, A. C., Ketchum, B. H. & Richards, F. A. ín The Sea Vol. 2 (ed. Hill, M. М.) 

(Interscience, London, 1963). 

14. Takahashi, T., Brocker, W. S. & Langer, S. J. geophys. Res. 90, 6907-6924 (1985). 

15. Dugdale, R. C. & Goering, J. J. Limnol. Oceanogr. 12, 196-206 (1967). 

16, Klein, P. & Coste, B. Deep Sea Res. 31, 21-37 (1984). 

17. Carpenter, E. D. & McCarthy, J. J. Limnol’ Oceanogr. 20, 389-401 (1975). 

18. Menzel, D. W. & Spaeth, J. P. Limnol Oceanogr. 7, 159-162 (1962). 

19. McCarthy, J. J. & Carpenter, E. D. Nitrogen in the Marine Environment (eds Carpenter, 

E. J. & Capone, D. G.) 487-512 (Academic, New York, 1983). 


иии ——————————————— 


Isoprenoid thiophenes: novel 
products of sediment diagenesis? 


S. C. Brassell*, C. А. Lewis*, J. W. de Leeuwt, 
F. de Langet & J. S. Sinninghe Damstét 


* Organic Geochemistry Unit, University of Bristol, 

School of Chemistry, Cantock's Close, Bristol BS8 ITS, UK 

Т Organic Geochemistry Unit, Delft University of Technology, 
Department of Chemistry and Chemical Engineering, 

de Vries van Heystplantsoen 2, 2628 RZ Delft, The Netherlands 





Sulphur is a significant component of the organic matter in recent 
and ancient sediments and in petroleams’”, yet the precise nature 
of its association and incorporation is poorly understood. Various 
sulphur-containing compounds have been recognized іп 
petroleums*~, but little is known about their origins and mode of 
generation during sediment burial, and for only a few organo- 
sulphur compounds with >15 carbon atoms have the structures 
been determined^S. Here we identify one of the alkyl thiophenes 
which occur widely in both recent and ancient deep-sea sedi- 
ments? as  3-methyl-2-(3,7,11-trimethyldodecyl)-thiophene, 
occurring as a limited number of the possible stereoisomers. This 
compound is presumed to originate from the incorporation of 
sulphur into chlorophyll-derived phytol, ог archaebacterial 
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phytenes or their diagenetic products. Its recognition suggests a 
novel diagenetic pathway for acyclic isoprenoids involving the 
introduction of sulphur into specific lipid moieties. Similar, but 
intermolecular, sulphur incorporation might give rise to sulphur- 
linked macromolecular materials and thereby contribute sig- 
nificantly to the formation of kerogens. 

Significant developments have recently occurred in the under- 
standing of the biological origins of sedimentary acyclic 
isoprenoids and their subsequent diagenetic fate. It is now 
evident that such compounds, which were among the first clearly 
related to natural products to be recognized in sediments and 
petroleums!*5, are not wholly derived from the phytyl side- 
chain of chlorophyll, but may also originate from the free and 
ether-bound lipids of archaebacteria’®'* and from the toco- 
pherols? of photosynthetic organisms. Here we further expand 
the range of such compounds with the characterization of acyclic 
isoprenoid thiophenes in sediments. 

In addition to a thiophene-containing hopane$, many 
immature sediments, notably those recovered by the Deep Sea 
Driling Project (DSDP), contain a number of components 
tentatively identified as thiophenes from their mass өресіга "19 
(Table 1, Fig. 1). These spectra are dominated by cleavages and 
rearrangements associated with the thiophene гіпр 21 a feature 
that simplifies the recognition of the size of their alkyl sub- 
stituents, although providing no indication of the structure of 
these alkyl groups (whether straight-chain or branched). The 
widespread occurrence and relative abundance of the Cyy alkyl 
thiophenes I and II suggested to us that these compounds might 
be related to acyclic isoprenoids. Certainly their occurrence in 
several sediments (for example, in the Japan Trench, Walvis 
Ridge and Cariaco Trench) with high concentrations of 
phytenes?? and phytol? provided circumstantial evidence for 
this relationship. 

If I (Table 1, Fig. 1) is an acyclic isoprenoid thiophene, then 
its mass spectrum" might correspond to that expected for 3- 
methyl-2-(3,7,11-trimethyldodecyl)-thiophene  (Fig.2). Syn- 
thesis of this compound (together with its 4-methyl isomer, ПІ; 
Fig. 3) followed by gas chromatograph (GC) and gas chromato- 
graph-mass spectrometer (GC-MS) coinjection (OV-1 methyl 
silicone fluid columns) confirmed this assignment. Such a struc- 
ture might arise from the incorporation of sulphur into a 
phytadiene or phytol, a process also observed in heating experi- 
ments with HS and carbohydrates?" The recognition of alkyl 


Table 1 Occurrence of alkylthiophenes in oceanic and other sediments 





DSDP Compounds 
Location Leg-Site Age I П Others* Ref. 
Cariaco Trench 15-147 Quaternary v v = t 
Japan Trench 56-436 Pliocene — — F t 
57-440 Pleist.-Mio. УЧ ЕЕ i 
San Miguel Gap 63-467 Plio.-Mio. У У F 7 
Gulf of California 64-474 Pleistocene — — F 8 
64-478 Pleistocene -- — G,H 8 
64-479 Pleistocene У V GH ł 
. 64-481 Pleistocene — — Unspecifiedt 8 
Middle America Trench 67-496 Quaternary Vv v — t 
Walvis Ridge 75-532 Quat.-Plio. v у А-Е 9+ 
Angola Basin 75-530 Miocene v y F 9 
Mazagan Escarpment 79-545 Cenomanian v — — 10 
19-547 Eocene VY — 10 
Livello Bonarelli NA Cen./ Tur. у v — 11 
Namibian Shelf NA Quaternary у У“ — 12 
Ѕагсіпа NA Miocene y у B, C and others 13 





—, Not observed or reported; NA, not applicable. Pleist., Pleistocene; Mio., Miocene, Quat., Quaternary; Plio., Pliocene; Cen., Cenomanian; 


Tur., Turonian. 


* The identities of compounds А to F are given in the legend of Fig. 1; G and H are isomeric C2, alkylthiophenes (М? = 378, prominent ions 


with mass/ charge ratios m/z = 265 and 125 (ref. 8)) of unknown structure. 


t Range of mono-, di- and trialkylated thiophenes. 
t S.C.B., unpublished data. 
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Fig. 1 Reconstituted ion chromatogram from 
GC-MS analysis of the extractable aliphatic 
hydrocarbon fraction of a diatomaceous ooze 
from Walvis Ridge (DSDP 75-532-42-3, 173-m 
sub-bottom depth). Insets a, b and c are 
expansions of the scan regions 1,050-1,300, 
1,900-2,000 and 2,100- 2,200, respectively. This 
sample contains a number of alkyl thiophenes 
distinguished by the prominence of m/z —97, 
98, 111 or 125 in their mass spectra. Compounds 
I and II are discussed in the text; their mass 
spectra for molecular ion fragment mass 
(М?) 308 are dominated by m/z of 111 and 
98, respectively, and are published in ref. 10. 
A, D, E and F appear to be Cig, Сі, C25 and 
C»; n-alkyl substituted thiophenes. The mass 
spectrum of F (M* = 406) is given in ref. 9. The 
minor constituents B and C are probably 2,3- 
dimethyl - 5 -(2,6,10 - trimethylundecyl) - 
thiophene? апа 3,5-dimethyl-2-(3,7,11- 
trimethyldodecyl)-thiophene, respectively 
(Fig. 2). Peaks corresponding to n-alkanes are 
designated by their carbon numbers; among 
other significant components note the abun- 
dance of three phytene isomers between scans 
700 and 800. The GC-MS conditions were 
similar to those previously reported”. 


thiophenes in shallow, immature sediments (Table 1) suggests, 
however, that elevated temperatures are not required for their 
formation. Rather, their occurrence in oceanic sediments is more 
closely analogous to that of various low-molecular-weight 
organo-sulphur compounds, including dimethylsuiphide and 
volatile thiophenes?, which are deemed to be direct metabolic 
products. A biosynthetic origin of higher-molecular-weight 
thiophenes, such as I, cannot be fully excluded. 

A useful method for assessing the origins and extent of thermal 
maturation of acyclic isoprenoids is the evaluation of the steric 
configuration at their chiral centres. Comparative GC on a 


3-methyl~2-(3,7,11- 
trimethyldodecyl)-thiophene 


3-(4,8,12-trimethyltridecyl)- 
thiophene 


4-methyl-2-(3,7,11- 
trimethyldodecyl)-thiophene 


3,7,11,15-trimethylhexadeca- 
1,3-diene (phyta-1,3-diene) 


3-mathylene~7,11,15- 
trimethylhexadec-l-ene 
[phyta-1,3(17)-ene) 


2, 3-dimethyl-5-(2,6,10- 
trimethylundecyl)-thiophene 


3, 5-dimethyl-2-(3,7,11- 
trimethyl dodecyl )-thiophene 





Fig. 2 Structures of compounds cited in the text and figures. 
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diethylene glycol succinate/polyethylene glycol succinate 
(DEGS/PEGS)-coated column? showed that the naturally 
occurring compound in a calcareous clay from the Cariaco 
Trench was composed of a maximum of two of the four possible 
stereoisomers (Ia-d, Fig. 4) found in the all-isomer synthetic 
product. It also seems probable from this analysis that the 
naturally occurring I in the Cariaco Trench sediment is com- 
posed, at least in part, of the isomer (3R, 7R; Ia іп Fig. 4) 
expected to derive from isoprenoid biosynthesis, although proof 
of this requires stereospecific synthesis in the laboratory. The 
structure and limited stereochemistry of I is consistent with 
sulphur incorporation into phyta-1,3-diene (IV in Fig.2) or 
phytol. 

By analogy with the mass spectrum of I (ref. 9), compound 
II (Table 1, Fig. 1) would correspond to 3-(4,8,12-trimethyl- 
tridecyl)-thiophene, which might arise from sulphur incorpor- 
ation into phyta-1,3(17)-diene (V in Fig. 2) or phytol. Such 
phytadienes, and hence isoprenoid thiophenes, cannot be 
artefacts generated during sample preparation because wet | 
extraction methods were used”’. Given the widespread occur- 
rence of I and II, and other n-alkyl and isopranyl substituted 
thiophenes (ref. 13 and S.C.B., unpublished data), in oceanic 
sediments (Table 1), there appears to be a general metabolic or 
diagenetic process which results in the introduction of sulphur 
into lipid moieties. The precise mechanism and biological or 
chemical agents of this process are unclear, but H,S or polysul- 
phides may be involved. Perhaps it is a side reaction associated 
with bacterial sulphate reduction, which certainly occurs or has 
occurred in the sediments found to contain thiophenes. 

For the thiophenes discussed here, the sulphur introduced 
into the acyclic isoprenoids is bonded intramolecularly. Similar 
reactions operating in an intermolecular fashion would give rise 
to sulphur-linked polymeric material within kerogens. Such 
bonding may survive in petroleums and occur in both their 
aromatic and asphaltene fractions; especially the latter since it 
is rich in sulphur. Alternatively, thermal breaking of carbon- 
sulphur bonds may be a significant contributory process in the 
generation of petroleum from kerogen. The clear indication that 
sulphur incorporation can affect organic compounds during 
early diagenesis represents a major advance in the understanding 
of interactions at the molecular level between the sulphur and 
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Fig. 3 Summary scheme for synthesis of all- 
isomer 3-methyl-2-(3,7,11-trimethyldodecyl)- 
thiophene (I) together with their 4-methyl 
isomers (III). The methyl substitution at C-3 


KOH / MeOH 


and C-4 can be distinguished by mass spec- CH3 
trometry, since the compounds show base peaks 
at m/z=111 and 112, respectively. Proton- JN 


NMR (CDCl,, 200 MHz) proved the presence ----5---- 

of the different methyl isomers: I gave ӧн; = P5 05 , toluene, A 

6.984 p.p.m., J = 5.1 Hz and ё}; = 6.766 p.p.m., 

J = 5.1 Hz and III gave 244 = 6.589 p.p.m. and 

6н; = 6.657 p.p.m. with very small splitting, 

possibly caused by coupling with the C-4 methyl 
of the thiophene ring. 
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Fig.4 Partial GC traces using a DEGS/PEGS column of the 
n-tricosane (п-С;ҙ) region of: A, aliphatic hydrocarbon fraction 
of a Pleistocene calcareous clay from the Cariaco Trench (DSDP 
15-147C-3-3, 138-m sub-bottom depth). B, Products (1 and III) of 
the synthesis shown in Fig.3. C, Coinjection of A and B. The 
naturally occurring thiophene enhances the latter peak attributed 
to I. This evidence can be compared with that from similar GC 
analyses of acyclic isoprenoids where the isomer with the 
stereochemistry corresponding to both that of the phytyl moiety 
in chlorophyll-a? and archaebacterial phytanyl ether moieties”! 
occurs in the peak with the greater elution time (for example 7R, 
11А in dihydrophytol*’** and phytanic acid???*, and 6R, 10S in 
phytane**). 

Methods. 34-m DEGS/PEGS (3:1) glass capillary column fitted 
in Carlo Erba FTV2150 chromatograph programmed from 20- 
109°C at 4°C тіп”! and held isothermally at 109°C. Data are 
acquired and.processed using a VG Minichrom data system. 
Assignment of n-C,, was made by comparison with the elution 
position of a reference standard. Note that the elution times of 
the thiophenes relative to n-alkanes are markedly greater with 
this column than with that (OV-1) employed in the GC-MS 

analysis (Fig. 1). 
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carbon cycles within sediments. Also, the occurrence of organo- 
sulphur compounds indicates that organic matter, like iron??, 
can act as a sink for sedimentary sulphur. Thus, the identification 
of acyclic isoprenoid thiophenes in sediments demonstrates a 
new, significant process in the diagenetic alteration of lipids, 
and presumably other compound classes. 
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The hypothesis that multiparted magnolialean flowers retain the 
Jargest number of primitive floral characters among living angio- 
sperms has received support from almost 80 years of comparative 
studies with extant plants"?. Accumulating fossil data suggest, 
however, that large Magnolia-like flowers were probably preceded 
in the fossil record by smaller and simpler floral types, some of 
them perhaps related to the Chloranthaceae, a family generally 
regarded as being advanced within the Magnoliidae ^. The pres- 
ence of chloranthoid plants early in the history of the angiosperms 
has been suggested by studies of dispersed pollent? and fossil 
leaves”, but the information on floral structure crucial to assessing 
the biology of these plants and their relationships within the 
Chloranthaceae, has so far been unavailable. We now provide new 
evidence of Cretaceous chloranthoid angiosperms based on fossil 
androecia, with pollen in situ, from the Lower Cretaceous of eastern 
North America and the Upper Cretaceous of southern Sweden, 
The Cretaceous material clarifies the homologies of chloranthoid 
androecial structures and provides an improved basis for interpret- 
ing the pollination biology in this enigmatic group of early angios- 
perms. 

The earliest well-documented angiosperm fossils include pol- 
len grains of Clavatipollenites hughesii, originally described from 
the late Barremian and Aptian of southern England??'!?, 
Couper? noted the resemblance of these pollen grains to those 
of the extant chloranthaceous genus Ascarina, and detailed 
similarities in pollen wall structure have subsequently been 
demonstrated by transmission and scanning electron microscopy 
of fossil and Recent material*. Two other Lower Cretaceous 
angiosperm pollen types, Stephanocolpites fredericksburgensis 
and Asteropollis asteroides, are also closely similar to pollen of 
extant Chloranthaceae and have been compared to the genera 
Chloranthus and Hedyosmum, respectively". Certain Lower 
Cretaceous leaves also exhibit strong epidermal and architec- 
tural similarities to exant Chloranthaceae?, although these are 
not sufficiently well marked to permit an assignment to the 
modern family. 

The material described here provides the first direct evidence 
of floral structure in early chloranthoid angiosperms. It com- 
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prises two kinds of androecial structure obtained by sieving 
from the Lower Cretaceous Patapsco Formation (Potomac 
Group) of eastern North America and from the Upper 
Cretaceous of Scania, southern Sweden. The Lower Cretaceous 
material was recovered from a clay lens at the West Brothers 
locality in Maryland, dated on palynological evidence as prob- 
ably early late Albian (Pollen Subzone II-B)!'. The associated 
flora includes wood fragments, logs and numerous angiosperm 
leaf fossils? as well as conifer shoots, cones and seeds, and a 
variety of angiosperm fruits, seeds, anthers and flowers. The 
Upper Cretaceous material was recovered from clays and sands 
in the Höganäs AB kaolin quarry near Åsen, Scania, dated on 
palynological evidence as of late Santonian or early Campanian 
age. A diverse assemblage of angiosperm flowers, fruits and 
seeds has already been reported from the Åsen locality'*'*, 

The androecial structures from both localities are three- 
dimensionally preserved as charcoal, and scanning electron 
microscopy reveals both morphological details and in situ pol- 
len. Both androecia are three-lobed with the lateral lobes slightly 
shorter than the central lobe. In the Lower Cretaceous material 
each lobe consists of a fully developed stamen with two pairs 
of smail, elongated pollen sacs borne laterally on a fleshy and 
almost cylindrical connective that is slightly expanded at the 
apex. The three stamens are fused only at the base (Fig. 14). 
The central lobe is —0.7 mm long, and the total width of the 
androecium is —0.5 mm. The anthers contain small, coarsely 
reticulate pollen grains, ~10 um long. The pollen apparently 
has three (or four) colpi, but the precise number of apertures 
is obscured by folds in the grains and by a thick coating resem- 
bling pollenkitt (Fig. 15). In the Upper Cretaceous fossils only 
the central lobe of the androecium has four pollen sacs, and 
the two lateral lobes each bear a single pair of pollen sacs on 
the adaxial surface (Fig. 1c). The connectives of all three lobes 
are broad and fleshy, with a short apical expansion. They are 
fused immediately below the pollen sacs and form a broad 
laminar structure, —1-2 mm long and 1-2mm wide. Polien 
grains observed in situ are small (~13 pm in diameter), reticulate 
and spiraperturate (Fig. 1d). 

Extant Chloranthaceae comprise approximately 70 species 
distributed among four genera. Ascarina (including Ascarinop- 
sis) and Hedyosmum have unisexual flowers and an arborescent 
or shrubbery habit, while Chloranthus and Sarcandra have 
bisexual flowers and a suffrutescent or herbaceous habit. All 
Benera produce reticulate pollen grains, but within the family 
there is considerable variation in the number and arrangement 
of apertures^!?!6, The three-lobed arrangement of both the 
Lower and Upper Cretaceous androecia, combined with the 
expanded connectives, small pollen sacs and reticulate pollen, 
constitutes a unique combination of characters that occurs today 





Fig. 1 Scanning electron micrographs of fossil chloranthoid androecia and pollen from the Cretaceous. a, Chloranthoid androecium from 

the Lower Cretaceous (Upper Albian of eastern North America) ( X80). Б, Pollen grains from the androecium shown in a, adhering to the 

anther by means of a substance resembling pollenkitt (х3,300). c, Chloranthoid androecium from the Upper Cretaceous (Upper Santonian/ Lower 
Campanian) of southern Sweden (x50). d, Pollen grains from the androecium shown in с; note the spiral aperture (x3,300). 
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only in the genus Chloranthus. The androecia of modern 
Chloranthus are more or less laminar and identical to that of 
the Upper Cretaceous form in the arrangement and number of 
pollen sacs, with one pair on the lateral lobes and two pairs on 
the central lobe. Owing to lack of information on the gynoecium, 
however, the fossils cannot be included with certainty in the 
extant genus Chloranthus. The Lower Cretaceous androecium 
has a more generalized morphology, and there are no extant 
species of Chloranthus that have lateral lobes with a full comple- 
ment of four pollen sacs, or that have laterally positioned pollen 
sacs borne on a more or less cylindrical connective. In Sarcandra, 
however, the androecium consists of a single stamen, closely 
resembling each lobe of the Lower Cretaceous fossil. The Lower 
Cretaceous form may thus be related to the ancestral chloran- 
thoids that may have given rise to both Chloranthus and Sar- 
candra. 

The nature of the Chloranthus androecium is the subject of 
much controversy. Some authors have suggested an origin by 
lateral fusion of three stamens, one with a fully developed anther 
consisting of two pairs of pollen sacs, and two with half-anthers 
each consisting of a single pair of pollen sacs*'^. Other authors 
have suggested an origin by division of a single stamen that 
bore four pairs of pollen sacs’. The structure of the Lower 


Cretaceous androecium reported here supports the more 


straightforward view that the Chloranthus androecium origi- 
nated by simple lateral fusion of three normally developed 
stamens, each of which originally bore four pollen sacs. This 
notion is also consistent with the available anatomical and 
ontogenetic data on extant Chloranthus'^. The loss of the two 
pollen sacs in each of the lateral stamens may have occurred 
with increasing fusion, and a shift to adaxially positioned pollen 
sacs may have been established as the androecium became more 
laminar. Both changes may have occurred as part of a trend 
towards increasingly efficient pollination. 

Extant Chloranthaceae include both insect- and wind-pollin- 
ated taxa. The bisexual flowers of Chloranthus and Sarcandra 
are apparently pollinated by beetles or occasionally flies". 
Insects are attracted to the flowers by.the enlarged, fleshy con- 
nectives, which become coloured and glossy at anthesis and 
produce a fruit-like aroma. Pollen production is low and the 
pollen grains are covered by sticky pollenkitt". In Ascarina and 
Hedyosmum the flowers аге unisexual and apparently 
anemophilous!^?, The pollen grains are dry and produced in 
large quantities. uM 

The two fossil androecia reported here strongly suggest polli- 
nation by insects. In addition to the probable relationship to 
Chloranthus and Sarcandra, the presence of fleshy connectives, 
small pollen grains and a coating of pollenkitt all support this 
interpretation. The number of apertures in the pollen from the 
Lower Cretaceous androecium is not fully clear, but no tri- or 
polycolpate pollen of comparable size and sculpture has been 
recognized among the dispersed pollen described from the 
Potomac Group. Similarly, spiraperturate pollen comparable to 
that from the Upper Cretaceous androecia has not been observed 
in the dispersed pollen flora from Åsen; this also suggests the 
possibility of low pollen production in our Cretaceous material. 
In contrast, the relative abundance of Clavatipollenites (similar 
to Ascarina) and Asteropollis (similar to Hedyosmum) in some 
Lower Cretaceous samples has been used to infer that the plants 
producing these grains were probably anemophilous ^. If this 
interpretation is correct, then chloranthoid angiosperms had 
already differentiated into anemophilous and entomophilous 
taxa before the end of the late Cretaceous. This supports the 
suggestion of an early differentiation of insect- and wind-pollina- 
tion systems in the angiosperms, based on slightly younger 
material’? 

The evidence now available on Cretaceous Chloranthaceae 
demonstrates conclusively the importance of this family in the 
earliest phases of angiosperm diversification. At least some early 
angiosperms had small, inconspicuous flowers and evidence 
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suggests that both wind and insect pollination were established 
very early in angiosperm evolution. 
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Evidence for early agriculture can be obtained from pollen profiles 
indicating forest clearance’. The practice of cultivation is widely 
believed to have been introduced into the interlacustrine region 
of central Africa by Bantu-speaking iron-workers?, present by 
2,000 yr BP (ref. 3) or, disputedly^ 5, 2,600 yr BP (ref. 5). There 
are, however, archaeological and linguistic indications that cultiva- 
tion may have begun еаг Нег” 67, Published pollen diagrams which 
clearly show forest clearance in East Africa are either poorly 
dated^ or place forest destruction! after 2,000 yr BP; possible 
palynological signs of previous clearance?!" are open to other 


interpretations, notably climatic change’. We have now analysed 


the pollen and charcoal of a peat core from Ahakagyezi Swamp 
in south-west Uganda using radiocarbon for dating. The results 
suggest a history of forest clearance stretching back beyond 
4,800 yr BP. This is the earliest evidence for cultivation reported 
from tropical Africa. 

Ahakagyezi Swamp (1,830 m; Fig. 1) is surrounded by steep 
hillslopes, covered today with a patchwork of small fields and 
short pasture!!. Few indigenous woody plants remain, but the 
rainfall is 1,125 mm уг! (ref. 12) and the natural vegetation has 
been reconstructed as moist lower montane forest", similar to 
that in early Bwindi Forest!!. Erosion of the infertile soils 
developed from Precambrian argillitic rocks"? is a major agricul- 
tural problem’. The swamp vegetation is Syzygium forest with 
a marginal zone of sedges or Typha!!. 

The 10-m core, collected with a Hiller borer, is mainly wood 
peat, with herbaceous macrofossils and clay common in two 
horizons towards the base and herbaceous fossils also present 
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Fig. 1 Part of the Rukiga Highlands, south- 
west Uganda, showing Ahakagyezi and other 
sites"? used for pollen analysis. Bwindi is moist 
lower montane forest, grading into lowland for- 
est towards the north-west; the vegetation varies 
topographically and altitudinally!!. Other for- 

io ests shown аге secondary. i 
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Fig.2 Stratigraphy and sediment 
properties of a core from Ahakagyezi 
Swamp. Non-combustible material 
determined by ignition of dried 
samples at 550° С. Charcoal abund- 
ance estimated by the point-count 
method? bars indicate 95% 
confidence limits of the counts. 
Radiocarbon determined on whole 
peat samples, pretreated with dilute 
acid; dates calculated using a half 
life of 5,568 yr, corrected for isotopic 
fractionation. Е, Wood peat; Е, her- 
baceous peat; Е, clay. 
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Fig.3 Ahakagyezi: pollen diagram 
with group totals and selected 
individual taxa. Pollen abundance 
expressed as grains deposited per cm? 
per yr. Level 8.85-8.90m omitted 
because of suspected error in estimat- 
ing pollen concentration. The group 
totals omit Typha (group 1), Cype- 
raceae, Мугіса, pteridophytes 
(monolete) (group 2) and Myrtaceae 
(group 4), all of which attain high 
values; if included, they would unduly 
dominate the group totals. All iden- 
tified pollen types with an abundance 
of >0.4% of total pollen at any one 
level are on the figure or listed below. 
Additional pollen types: group 1, 
Clematis, Trilete spores (smooth); 
group 2, Bidens sim., Crassulaceae 
comp., Polyscias, Rumex, Stephania; 
group 4, Celtis sim., Maesa comp., 
Polypodium sim., Umbelliferae; group 
5, Anthoceros, Anthocleista, 
Ebenaceae, Loranthaceae, 
Musanga/ Myrianthus, Parinari; 
group 6, Acanthaceae, Achyranthes 
comp., Begonia, Faurea comp., Helich- 
rysum sim., Hydrocotyle sim., Пех, 
Laurembergia, Olinia, Potamogeton. 
Ecological interpretation of group 6, 
characterized by little directional 
change, is not given. 
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Fig. 4 Urticaceae pollen: percentage abundance of various types 
in the Ahakagyezi core. Those most clearly indicative of forest are 
Pilea and four-porate grains (produced mainly by Urera 
hypselodendron)*>, 


above 1.5 m (Fig. 2). The horizons containing clay or herbaceous 
fossils are associated palynologically with periods of forest 
clearance or intensified agriculture and are believed to signify 
enhanced soil erosion. Microscopic charcoal is abundant at 
some levels, especially in and just above the clay-rich strata. 
Radiocarbon measurements provide excellent dating control 
(Table 1). 

Samples were prepared for pollen analysis by a standard 
procedure including HF treatment and acetolysis'; pollen influx 
rates were estimated using the Lycopodium spore method's. 
Pollen preservation is generally excellent. Pollen types are 
grouped here according to patterns of change in accumulation 
rate, regardless of absolute values (Fig. 3). 

Group 1, increasing above ~3 m (1,300 yr BP), includes pollen 
types derived from plants of agricultural land and scrub." 
(Ericaceae, Pteridium, Vernonia) and from swamp species 
associated with heavy siltation!? (Selaginella, Typha). This sug- 
gests marked disturbance of terrestrial vegetation, leading to 
soil erosion and consequent vegetational change in the swamp. 

Group 2, with two peaks, one similar to that of group 1 and 
the other at —5.25-7.5 m (2,500-3,400 yr BP), contains pollen 
types of plants associated with human disturbance (Bidens, 
Dodonaea, Nuxia, Polyscias, Rumex) and pollen of swamp mar- 
gin plants (Cyperaceae, Impatiens, ferns). This indicates a phase 
of marked human disturbance preceding that already noted. 

Gramineae is the only member of group 3, with high values 
at 5.25-8 m (2,500-3,700 yr BP) and 9-10 m (4,200-4,800 yr BP). 
Although grasses grow in many habitats!^?, they are rare in 
the swamp today and these peaks are probably due to spread 
of secondary grassland replacing forest. Indicators of disturb- 
ance in groups 1 and 2 are uncommon at 9-10 m, perhaps 
because ruderals found establishment difficult under luxuriant 
grass growth on undegraded forest soils; the low grass values 
above 5.25 m could be due to declining soil fertility. Increases!? 
and decreases! of Gramineae pollen with human disturbance 
in East Africa have been reported, but not previously sequen- 
tially at one site. 

Group 4 shows an early increase and a later decline. Most 
parent species are forest trees. Increases in the swamp forest 
Myrtaceae (Syzygium) and the upper slope trees Olea and 
Podocarpus suggest a drier climate after 3,500-3,600 yr BP. 
Podocarpus expansion elsewhere in eastern Africa at about this 
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Table 1 Dating control provided by '*C measurements 








Depth Age BC Laboratory 
(m) (yr BP) (%) reference 
1.65-1.85 580+ 50 -27.0 Pta-3551 
3.65-3.85 1,690 +40 —26.0 Pta-3814 
5.10-5.85 2,800 + 60 —26.9 Pta-3557 
7.65-7.85 3,520 + 50 —18.2 Pta-3800 
9.65-9.85 4,670+60 -15.9 Pta-3560 
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time has been interpreted as due to decreased rainfall’. Increases 
in various early successional trees (Fagara, Maesa, Neoboutonia, 
Prunus) could be due to forest disturbance. The falls in abund- 
ance of group 4 pollen types towards the surface provide further 
evidence for forest destruction; lower-slope plants (for example, 
Fagara) tend to decline before upper-slope plants (such as 
Podocarpus), with final clearance of ridge forest at 900 ут BP. 
Forest Urticaceae pollen becomes rare above 3.5-4 m (1,600- 
1,800 yr BP) (Fig. 4). 

Group 5, with high values at —8.25-9.25 m (3,800-4,400 yr 
BP) and a secondary peak at ~4.75-6.75 m (2,200-3,200 yr BP), 
comprises mainly pollen types of lower-slope forest trees. Little 
valley forest remained after 2,200 yr BP. 

The first two phases of forest reduction were associated with 
soil erosion and burning. Lightning or volcanism are unlikely 
causes of such major destruction???! and in any case volcanism 
was earlier in this area?. Hunting in moist African forests does 
not involve burning? and the forest destruction is attributed to 
the clearance of land for cultivation. Unfortunately, as with 
other East African pollen diagrams!?, pollen grains from culti- 
vated plants have not been definitely identified. Charcoal 
manufacture for iron smelting consumes large quantities of 
wood? and this could have contributed to the destruction of 
trees, perhaps including Syzygium?, during the past two mil- 
lennia. 

This record shows a long history of forest clearance and soil 
erosion, interrupted by periods of partial forest recovery. Major 
degradation of the environment by man occurred early at this 
locality. 
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Contraction of a vertebrate skeletal muscle fibre is triggered by 
electrical depolarization of sarcolemmal infoldings termed trans- 
verse-tubules (t-tubules), which in turn causes the release òf cal- 
cium from an internal store, the sarcoplasmic reticulum (SR)'”. 
The mechanism that links t-tubular depolarization to SR calcium 
release remains poorly understood. In principle, this link might 
be provided by the prominent slow calcium current that has been 
described in skeletal muscle cells of adult frogs** and rats*. 
However, blocking this current does not abolish the depolarization- 
induced contractile responses of frog muscle’, and the function of 
this slow calcium current is unknown. Here we describe measure- 
ments of calcium currents in developing skeletal muscle cells of 
normal rats and mice, and of mice with muscular dysgenesis, a 
mutation’ that causes excitation-contraction (E-C) coupling to 
fail®. We find that a slow calcium current is present in skeletal 
muscle cells of normal animals but absent from skeletal muscle 
cells of mutant animals. The effect of the mutation is specific to 
the slow calcium current of skeletal muscle; a fast calcium current 
is present in developing skeletal muscle cells of both normal and 
mutant animals, and slow calcium currents are present in cardiac 
and sensory neurones of mutant animals. We believe this to be 
the first report of a mutation affecting calcium currents in a 
multicellular organism. The effects of the mutation raise important 
questions about the relationship between the slow calcium current 
and skeletal muscle E-C coupling. 

Calcium currents were recorded using the whole-cell patch- 
clamp technique? in skeletal muscle, cardiac and neuronal cells 
obtained from fetal and newborn rats and mice. Figure 1а 
illustrates the presence of two kinetically distinct inward currents 
in a rat myotube grown in primary tissue culture. Test potentials 
in the range —40 to —10 mV elicited a fast, transient, inward 
current (Ias). Test pulses to potentials of =0 mV activated an 
additional, slower, maintained, inward current (I4,,), which 
resembles the slow calcium current of adult skeletal muscle. 
Both Ij, and Liow are calcium currents as they аге: (1) observed 
in Na-free solutions containing 10 uM tetrodotoxin (TTX), (2) 
abolished by removing calcium from the bathing medium, and 
(3) blocked by cadmium (see below). Iras and Laow are seen not 
only in myotubes in primary tissue culture, but also in enzymati- 
cally dissociated fibres of muscles that have been acutely 
removed from neonatal rats (Fig. 1b). The two calcium currents 
of developing muscle are kinetically similar to the fast and slow 
calcium currents previously described in cardiac muscle!?!!!, 
smooth muscle'?, neuronal cell lines'!^ and sensory 
пецгопеѕ!°-!8, In most of the myotubes we examined, both I, 
and Г.о» were present, although their magnitudes varied con- 
siderably between cells. In 20 rat and mouse myotubes examined 
іп 10 mM external calcium, the peak Iras averaged 0.7 +0.6 pA 
pF (mean s.d.) and the peak Liow 8.2+4.9 pA pF (currents 
normalized by linear cell capacitance). For 13 myotubes in 
50 mM external calcium, peak Iras and Joy were 2.1+1.6 and 
6.64.4 pA pF", respectively. In 7 of these 33 cells, Ira was 
too small to be detected, whereas in only 2 of them was Ij, 
undetectable. 

Tract and Lj, can be distinguished not only by kinetics and 
voltage-dependence of activation, but also by the effects of 
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holding potential. Figure 1b illustrates, for an enzymatically 
dissociated fibre, that changing the holding potential from —90 
to —40 mV inactivates the transient Ias elicited by a test pulse 
to —20 mV; a similar change in holding potential (from —90 to 
—30 mV) has essentially no effect оп I,i,y elicited by a test pulse 
to +30 mV. The effects of holding potential on Irs and Liow in 
myotubes were similar to those illustrated in Fig. 1b. 

Calcium channel antagonists provide another means of distin- 
guishing between Гоа and I,,. High concentrations (21 mM) 
of cadmium block both Fas and 1,,,, but lower concentrations 
(«100 М) produce a significantly greater block of Liow than 
of Ias- Similarly, 5 uM nitrendipine (a dihydropyridine Ca- 
channel antagonist) causes а ~75% reduction in L,,,, with little 
effect on Iras- A greater cadmium and dihydropyridine sensitivity 
has also been described for the slow calcium currents in cardiac 
cells!^!!. a neuronal cell line!^ and sensory neurones!^?, Thus, 
the voltage-dependence, kinetics and antagonist sensitivity of 
the fast and slow calcium currents in skeletal muscle all resemble 
those of fast and slow calcium currents in heart and nerve. 

Muscular dysgenesis is a single, recessive, lethal, autosomal 
mutation (mdg) in mice". In dysgenic muscle the sarcolemma 
can still generate action potentials", and the SR retains the ability 
to sequester calcium and release it in response to caffeine, but 
sarcolemmal depolarization fails to elicit SR calcium release”. 
Figure 2 demonstrates that this genetic defect of E-C coupling 
is associated with the specific absence of Liow. Figure 2a shows 
calcium currents obtained from a dysgenic myotube. As in 
normal muscle cells, relatively weak depolarizations elicit Iras 
however, stronger depolarizations fail to elicit jow, so that even 
for these strong depolarizations only Га is present. Altogether, 
we examined calcium currents in 15 dysgenic myotubes; in none 
of these was a measurable J,,,,, present. In these same cells the 
peak Irs was 1.0£0.5 (n=8) in 10 mM external calcium and 
1.8+1.3 pA pF! (n=7) in 50 mM Ca, values similar to those 
in normal myotubes (see above). Figure 2b illustrates the effect 
of changing the holding potential on the currents elicited in a 
dysgenic myotube by test pulses to either —10 or +30 mV. When 
the holding potential was —80 mV, both test pulses elicited Irast 
(prominent at —10 mV; partially obscured by noise at +30 mV). 
The same test pulses failed to elicit Ips when the holding 
potential was —30 mV. Thus, the inactivation of I,,,; with holding 
potential is similar in dysgenic myotubes to that in normal 
skeletal muscle cells. Importantly, the steady-state current for 
the +30-mV test pulse is in quite good agreement for the —80 
and —30 mV holding potentials, which argues against the possi- 
bility that large nonlinearities iri leak current disguise the pres- 
ence of Liow in dysgenic myotubes. Thus, the mdg mutation 
seems specific in its effect: Liw is absent but Tras 
is present with normal properties. Additionally, dysgenic 
myotubes possess sodium currents of normal appearance (data 
not shown). 

The mary similarities between calcium currents in skeletal 
muscle and those in sensory neurones and cardiac cells 
prompted us to determine whether the mdg mutation also elim- 
inates slow calcium current in these tissues. In control experi- 
ments on heart and nerve from non-mutant animals, we observed 
two clearly distinct components of current resembling Iras and 
Liow Of developing skeletal muscle. (A third calcium current, 
termed М, has been described for sensory neurones", but in 
our experimental conditions this current was not prominent.) 
Figure 3 illustrates calcium currents recorded in cardiac 
myocytes and dorsal root ganglion neurones from mutant 
animals. In the dysgenic cardiac myocyte (Fig. 3a), a 0-mV test 
pulse applied from a —80-mV holding potential activated both 
Feast and Liow; when the same test pulse was used but the holding 
potential was changed to —40 mV, 1, was inactivated but Ijow 
was little affected. This change in holding potential also had 
little effect on the much larger Ілу that was activated by a test 
pulse to +30 mV. Similarly, in the dysgenic neurone (Fig. 3b), 

a test pulse to —20 mV elicited a predominantly transient (Tras) 
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Fig. 1 Developing skeletal muscle cells 
possess two distinct calcium currents. a, 
Transient (Zas) and maintained (Z jow) calcium 
currents in a rat myotube. The cell was held at 
a potential of —90mV from which it was 
depolarized to the test potentials indicated to 
the right of each trace. Test depolarizations of 
—40 to —10 mV selectively activate 1; test 
potentials of 0 mV and above activate an addi- 
tional current, Laow. Owing to its much larger 
size, Liow masks the presence of Г, for test 
potentials 220 mV. Rat myotube (A07), 12 days 
in culture, 10 mM Ca+10 uM TTX, holding 
potential(HP) –90 тҮ, linear capacitance 
(C) 2340 pF. b, Depolarized holding potentials 
selectively inactivate Ij... Single fibre (D18), 
enzymatically dissociated?* from the flexor 
digitorum brevis muscle of a 13-day rat, 10 mM 
Са+10 рМ ТТХ, C=290 pF. Test potentials 
of —20 and +20 mV were applied. 
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Methods. Currents were recorded with the whole-cell variant of the patch-clamp technique?. Unless otherwise indicated, illustrated test currents 
have been corrected digitally for linear components of capacitative and leak current. The pipette contained (in mM): 140 Cs-aspartate, 
5 Mg-aspartate;, 10 Cs EGTA, 10 HEPES (adjusted to pH 7.4 with CsOH). External solutions, designated by their divalent cation, contained 
(in mM) 10 Ca: 145 tetraethylammonium ion (TEA), 10 Ca; 50 Ca: 85 TEA, 50 Ca; isotonic Ba: 105 Ba. All external solutions contained 10 mM 
HEPES (pH 7.4 with CsOH) and Br and/or Cl as anions. Experiments were done at room temperature (20 *C). Primary cultures of myoblasts 
were prepared from fore- and hindlimbs of late-term fetal or newborn rats and mice. The limb muscles were minced finely and incubated at 
37 °С for 40 min in physiological saline? containing collagenase (2 mg ml", Sigma Type I). After filtration and centrifugation to remove large 
debris, the cell suspension was pre-plated for 1 h in glass to remove rapidly adhering cells and then plated onto 35-mm Falcon "primaria' 
dishes in ‘plating medium’ containing (v/v) 80% Dulbecco's modified Eagle's medium with 4.5 g I^! glucose (DMEM), 10% horse serum, 
10% calf serum. After 4 days the plating medium was replaced with ‘maintenance medium’ (90% DMEM, 10% horse serum). All culture 


media contained penicillin (1,000 U mI!) and streptomycin (1 mg ші” 
essentially as described in ref. 29, suspended in plating medium supplem 
coated culture dishes. Dorsal root ganglia were removed from either 1 


1). Cardiac myocytes were prepared from hearts of newborn mice 
ented with 0.1 mM 8-bromo-cyclic AMP, and plated onto polylysine- 
4-day-old fetuses or newborn animals, and incubated for 20 min at 


37*C in physiological saline containing 0.25% trypsin (Sigma type IIIS). The ganglia were washed, disaggregated, suspended in plating 
medium enriched with 50 ng ml™! 7S nerve growth factor (Collaborative Research), and plated onto polylysine-coated culture dishes. Cultures 
were maintained at 37 °С in а 95% air-5% СО;, water-saturated atmosphere. 
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Fig. 2 Skeletal muscle cells of mutant animals 
specifically lack Li,.. a, Presence of Tras, and 
absence of I, in dysgenic myotube. Cell 
MD158, 6 days in culture, 50 mM Ca, HP= 
-90 mV, С = 675 pF. b, Inactivation of I... with 
holding potential in a dysgenic myotube. Cell 
ЕП, 10 days in culture, 10 mM Ca+10 pM 
TTX, C= 100 pF. 
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inward current that was inactivated at a holding potential of 
—40 mV, whereas a test pulse to +20 mV elicited a predominantly 
maintained (Liow) inward current that was similar for holding 
potentials of —80 and —40 mV. Thus, both an Таз and ап Li, 
component of current are present in cardiac and neuronal cells 
of mutant animals, and the effect of the mdg mutation seems 
to be specific for the slow calcium current of skeletal muscle. 

The results of recent biochemical experiments?! agree with 
our electrophysiological measurements in demonstrating that 
the mdg mutation affects skeletal muscle but not cardiac cells. 
Thus, in cardiac tissue the number of binding sites for PN 
200-110 (a dihydropyridine calcium-channel blocker) is the 
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same in normal and dysgenic animals. By contrast, in skeletal 
muscle of mutant animals, the number of PN 200.110 binding 
sites is reduced about fivefold relative to the control. The identity 
of the substantial number of dihydropyridine binding sites that 
remain in dysgenic skeletal muscle is uncertain. If they represent 
functional slow calcium channels, the dysgenic myotubes would 
have an І.с, about one-fifth the size of ljo, in normal cells, 
which should have been detectable by our electrophysiological 
measurements. Our failure to detect Г, suggests that the diby- 
dropyridine binding sites in dysgenic skeletal muscle represent 
non-functional slow calcium channels or an unrelated com- 
ponent of the muscle membrane. 
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Fig. 3 Cardiac and neuronal cells of mutant animals possess both 

Tras апа Liow. а, Dysgenic cardiac myocyte (B59), 8 days in culture, 

isotonic Ba+ 10 рт TTX, C= 46 pF, no leak subtraction. b, Dorsal 

root ganglion neurone (C44) from a 15-day dysgenic fetus, 3 days 
in culture, 10 mM Са+10 uM TTX, C=40 pF. 


Why does the mdg mutation result in the absence of slow 
calcium current in skeletal muscle? Among the possibilities are 
that the mutation directly alters the structural gene for the slow 
calcium channel, that it interferes with transcription of the gene, 
that it disrupts the post-translational processing and/or insertion 
of the channel protein, or that it affects a soluble regulatory 
protein necessary for channel function. The last of these has 
been shown to be the case for the paramecium mutant cnrC, 
which lacks the calcium current present in wild-type animals”. 
The presence of slow calcium currents in dysgenic cardiac and 
neuronal cells suggests the possibility that slow calcium channels 
in these tissues are encoded by different structural genes from 
those in skeletal muscle, even though the currents are similar 
in the three tissues. Alternatively, if the same gene codes for the 
slow calcium channel in all three tissues, the expression of the 
slow current in skeletal muscle must involve tissue-specific pro- 
cesses that do not occur in cardiac or neuronal cells. 

A second major question raised by our results is the relation- 
ship between the absence of Liow and the failure of E-C coupling. 
One explanation would be to suppose that calcium entry via 
Іо» is a necessary trigger for SR calcium release, but this seems 
unlikely considering the current’s slow activation kinetics. 
Moreover, as mentioned earlier, blocking the slow current in 
adult frog muscle does not abolish E-C coupling®. Further, both 
brief electrical stimuli and K-depolarization elicit vigorous 
mechanical responses of non-mutant myotubes and neonatal 
muscle fibres bathed in concentrations of cadmium sufficient to 
block both Inas and I... (S. Jay and K.G.B., unpublished). Even 
though the actual current through the slow calcium channel 
seems unlikely to be directly involved in E-C coupling, the 
channel protein itself might still be intimately involved. For 
example, it has been suggested that the slow calcium-channel 
protein serves as the ‘voltage-sensor’ for the process governing 
SR calcium release”. Accordingly, a mutation affecting slow 
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calcium current would also affect E-C coupling. It is also pos- 
sible that the absence of I,,,, and the failure of E-C coupling 
are only coincidentally related. The slow calcium channels in 
skeletal muscle are believed to be localized within the t- 


tubules***®, and in dysgenic muscle cells the normal morpho- 


logical association between t-tubules and SR develops incom- 
pletely”. Thus, this defect in t-tubular development may be 
the cause of both the absence of J,,,, and the failure of E-C 
coupling. 
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The mammalian Y chromosome carries a factor that initiates male 
sexual development by directing the fetal gonads to form testes. 
Wachtel and his colleagues’ proposed that this testis-determining 
function of the Y is mediated by the male-specific cell-surface 
antigen H-Y, originally defined by skin grafting. This attractive 
hypothesis, which has been widely accepted, was based on the 
assumption that serological tests using antisera raised against 
male cells were recognizing H—Y antigen. Although disputed", this 
assumption is supported by some recent studies* $, However, mice 
have been described" which develop testes but lack the cell-surface 
H-Y antigen as defined by T-cell-mediated transplantation tests. 
Thus, although it remains possible that a serologically detected 
male-specific antigen is responsible for testis determination, it 
seems that H-Y, as originally defined, is not. We show here that 
H-Y-negative male mice, in losing the genetic information that 
encodes H-Y, have also lost genetic information required for 
spermatogenesis. This result identifies a gene on the mouse Y, 
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Fig. 1 Copulatory activity of XX Sxr' compared with XX Sxr 

males. Four males of each type were each paired with three females 

(МР1 strain; Olac) and the females were examined for copulation 

plugs on the following four mornings. This was repeated for four 

successive weeks. The histograms show the total numbers of plugs 
found on days 1-4 after pairing. 


distinct from the testis-determining gene, which is necessary for 
spermatogenesis, and raises the intriguing possibility that the 
product of this ‘spermatogenesis gene’ is H-Y antigen. 

Cattanach et al* originally described a sex reversal factor 
(Sxr) in mice which caused XX individuals to develop as males 
with testes. It is now known that Sxr is a small segment of the 
Y chromosome which is transferred to the X during meiosis in 
XY Sxr саггіегѕ?!0, Sxr includes the genetic information for 
testis determination and for the expression of H- Y!!, However, 
McLaren et al.’ found a variant Sxr (designated Sxr’) that still 
carried the testis-determining information, but did not confer 
H-Y antigenicity. Our objective here was to determine whether 
loss of H-Y antigenicity was correlated with any impairment of 
male reproductive function, as it seemed likely that this male- 
specific antigen would have a male-specific role. Initially, we 
compared XX Sxr' males with XX Sxr males. The H-Y-negative 
XX Sxr' males were not detectably less proficient than XX Sxr 
males at mating or at inducing synchronization of mating 
behaviour (Fig. 1), suggesting that testosterone and pheromone 
production are unaitered in the absence of H- Y antigen. 

Adult XX Sxr' mice, like XX Sxr mice, have sterile testes due 
to the perinatal loss of germ cells (E.R.L. and P.S.B., unpub- 
lished observations), characteristic of male mice carrying two 
X chromosomes. Presumably the expression of a double dose 
of X-linked genes in the germ cells is incompatible with their 
survival beyond the perinatal period. Adult X0 Sxr mice, in 
contrast to XX Sxr' and XX Sxr mice, have all stages of 
spermatogenesis represented in their testes. They are nonetheless 
sterile because the later stages are defective, and only a few 
grossly abnormal sperm are produced?. These defects may result 
from the absence of a pairing partner for the X chromosome, 
since X-Y pairing during pachytene seems to be necessary for 
the successful completion of spermatogenesis!2, 

We produced X0 Sxr' mice and compared them with X0 Sxr 
mice to see if the loss of Н-Ү antigenicity is correlated with 
any additional defect of spermatogenesis. One X0 Sxr and four 
ХО Sxr' mice were checked for their H-Y status (Table 1). For 
each mouse designated H- Y-negative (final column), the target 
cells were shown to be negative with appropriate H-2-restricted 
H-Y-specific cytotoxic T cells but positive with the correspond- 
ing anti-H-2 cytotoxic T cells. Each of the ХО Sxr' mice was 
H-Y-negative by these criteria. By contrast, the X0 Sxr male 
typed positive, like the XY control male and the previously 
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Table 1 H-Y typing of XO Sxr', ХО Sxr and control XX and XY mice with H-2*. 
and H-2*-restricted H-Y-specific T cells 
% Specific lysis at 
E:T=10:1T,* H-Y 





Mouse  H-2t Karyotype Sex Anti-H-2? Anti-H-Y" summary 
555 bq X0 Sxr' Male 28 1 - 
556 bq X0Sxr Male 27 0 Н 

SWR qq xY Male 38 46 + 
SWR qq XX Female 31 9 = 
Anti-H-2*  Anti-H- Y* 
557 kk X0 Sxr Male 20 22 * 
558 kb X0 Sxr Маје 17 1 = 
559 kb X0 Sxr | Male 29 6 = 
СВА kk XY Male 29 38 
CBA kk XX Female 38 9 


* Cytotoxic T cells (Т.) were from 5-day mixed lymphocyte cultures (MLC) of 
(B10 x BALB/cJF, anti-SWR (anti-H-23), (B10x SWRJF, ? anti-SWR d (anti-H- 
ҮЗ), BALB.B anti-CBA (anti-H-2*) and (В10х CBAJF, 9 anti-CBA ¢ (anti-H- 
Y*). The anti-H-2 were primary, the anti-H-Y secondary in vitro MLC and were 
used as attacker T, as described previously’ with 5-day concanavalin A-stimulated 
spleen cells from the mice to be typed as *'Cr-labelled targets. Four effector/target 
(E: T) cell ratios were tested for each target using serial threefold dilutions of the 
effector T, starting at E: T —30:1, and a fixed number (10*) of target cells. The 
data were analysed by regression analysis; the values given are from the titration 
curves, at E: T — 10:1. Numbers underlined are positive values, and lie on curves 
with r^» 0.80 (ғ = coefficient of correlation, a measure of goodness of fit of the 
data on the regression line). 

t H-2 typing with monoclonal antibody plus rabbit complement, as described 
previously’. 


reported XX Sxr males", with both H-2-restricted H- Y-specific 
cytotoxic T cells and the corresponding anti-H-2 cytotoxic T 
cells. Histological analysis revealed that spermatogenesis is 
much more severely affected in X0 Sxr' than X0 Sxr mice. There 
is almost total elimination of spermatogenic cells beyond the 
spermatogonial stage in adult X0 Sxr' testes, and this block is 
evident prepubertally, at the onset of meiosis (Fig. 2). Although 
grossly the block to spermatogenesis is clearcut, it is hard to 
define the point at which it acts. Spermatogonia appear to be 
few in number and spermatogonial divisions are rare: this could 
result from either an intrinsic defect of proliferation in the 
spermatogonial compartment, or some inhibition of prolifer- 
ation in response to a block in spermatogonial differentiation 
and commitment to meiosis. Even the block to meiosis is not 
absolute, because very occasionally patches of cells enter meiosis 
(Fig. 3), only to arrest and degenerate early in the pachytene 
stage. 

Our results, together with those of McLaren et al^, show that 
when Sxr' arose from Sxr, genetic information needed for H-Y 
expression and spermatogenesis was lost, while genetic 
information required for testis determination was retained. 
Incidentally, the fact that X0 Sxr' mice are H-Y-negative, just 
like T16H/X Sxr' mice’, rules out Ohno's recent suggestion that 
spreading of X-inactivation into Sxr' is responsible for the 
non-expression of H-Y". 

Levy and Burgoyne’? found that there is an early spermato- 
genic failure of X0 germ cells in X0/XY mosaic mice, and 
concluded that since the X0 germ cells are not 'rescued' by 
the mosaic testicular soma, there must be a 'spermatogenesis 
gene' on the Y chromosome which is expressed in the germ 
line. Histologically, the arrested spermatogenesis that occurs in 
patches in these X0/XY mosaic testes is indistinguishable from 
that in ХО Sxr’ testes; this suggests that it is the loss or mutation 
of this ‘spermatogenesis gene’ which leads to the spermatogenic 
arrest in X0 Sxr' mice. 

As the loss of spermatogenesis in ХО Sxr' mice is correlated 
with the loss of H- Y expression, it is tempting to conclude that 
H-Y antigen is the product of the spermatogenesis gene, thus 
reinstating a male-specific function for this evolutionarily con- 
served male antigen. The same correlation of H-Y antigen 
negativity and spermatogenic failure was seen in the X0 male 
mouse described by Melvold et al.!6, However, it remains poss- 
ible that there are separate genes for spermatogenesis and H- Y 
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Fig. 2 Spermatogenic failure in XO Sxr' male ' 
mice. a, Complete spermatogenesis in a testis 

from an adult (49-day-old) XY mouse. b, 

Abnormal spermatogenesis with a marked 

deficiency of condensing spermatid stages in 

the testis of a 49-day-old X0 Sxr mouse (H-Y- 

positive). c, An almost total block of sper- 

matogenesis іп the testis of a 49-day-old X0 

Sxr' mouse (H-Y-negative). Although some 

spermatogonia are present, almost all tubules NA 
lack spermatocytes and spermatids. 4-/; Testes hearths 
from 13-day-old XY, X0 Sxr and ХО Sxr' mice ту ba 
showing that the defect in ХО Sxr’ sper- 
matogenesis is already present prepubertally 
when meiosis begins. 

Methods. X0 Sxr and X0 Sxr' mice were pro- 
duced by mating XY Sxr or XY Sxr' males to 
females heterozygous for the inversion 
In(X)1H. These females generate some nullo-X 
eggs following crossing-over within the inver- i ы 
sion. The testes from 15 X0 Sxr' and 9 X0 Sxr f Cya оаа 





A 64% 


males together with those from their male ІШег- ipt Ny 
mates, at 2-50 days post partum, were examined Е . 0941 48.2 
during this study. АП mice were karyotyped. Сара abe 


Testes were fixed in Bouin's fixative. The sec- 
tions were stained with periodic acid-Schiff's 
reagent and counterstained with haematoxylin. 





expression which are tightly linked. It may be pertinent that 
spermatogonia have been identified as the only adult male cells 
which type negative for male-specific antigen using serological 
tests". Later spermatogenic stages are increasingly positive. If 
serological tests do recognize H-Y antigen, this pattern of 
expression would be consistent with H-Y antigen being the 
spermatogenesis gene product. 

The possibility that H-Y antigen is the product of the sper- 
matogenesis gene leads to predictions about the H-Y status of 
human XX males and XY females. A human spermatogenesis 
gene, which we presume is homologous to that on the mouse 
Y, is located on the human Y long arm close to the centromere!*. 
Human XX males that have acquired testis-determining se- 
quences from the Y short arm?! will lack Y long arm sequences 
including the spermatogenesis gene, and hence should type 
H-Y-negative if H-Y is the spermatogenesis gene product. Con- 
versely, XY females that have lost testis-determining sequences 
from the Y short arm should type H-Y-positive because the 
spermatogenesis gene on the Y long arm should have been 
retained. H- Y typing of human sex-reversed individuals is now 
possible using histocompatibility locus antigen (HLA)-restricted 
H- Y-specific T-cell clones. All five XX males so far typed are 
H-Y-negative, in line with our predictions (ref. 22 and E. 
Goulmy and E. Simpson, personal communication). 
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Fig. 3 Meiotic cells in X0 Sxr' testes. Occasionally tubules are 

seen in X0 Sxr' testes which contain patches of meiotic cells 

(arrowed) that degenerate during the early pachytene stage. These 

pachytene cells have a clear sex vesicle in air-dried preparations 

(arrowed in inset), showing that this structure can form in the 
absence of H-Y antigen. 
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Modulation of visual cortical plasticity 
by acetylcholine and noradrenaline 
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During a critical period of postnatal development, the temporary 
closure of one eye in kittens will permanently shift the ocular 
dominance (OD) of neurones in the striate cortex to the eye that 
remains open’. The OD plasticity can be substantially reduced if 
the cortex is infused continuously with the catecholamine 
neurotoxin 6-hydroxydopamine (6-OHDA) during the period of 
monocular deprivation? 5, an effect that has been attributed to 
selective depletion of cortical noradrenaline. However, several 
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Fig.1 a,b, Coronal sections through the fore- 
brain of a 44-day-old kitten (K125) at the 
approximate frontal planes А14.0 and А 11.75, 
respectively. Projected onto the right side of a 
and b is the distribution of cells in the basal 
telencephalon that were back-filled after 1 рі 
of 30% horseradish peroxidase (HRP) was 
injected into the visual cortex of a 4-week-old 
kitten. For each drawing, five contiguous 50-шп 
thick sections were pooled; each dot represents 
approximately two HRP-labelled neurones. 
(272?) The extrinsic cholinergic innervation of 
the striate cortex arises from these cells”°. This 
unilateral projection derives from neurones 
scattered within the internal capsule (IC), the 
substantia innominata (SI), the diagonal band 
of Broca and the medial septal nucleus (SMN). 
Reconstructed on the left side of a and b are 
the regions of cell loss (crosshatching) after 
NMA was injected into the telencephalon of 
K125. Also indicated (e ) are the two 
needie tracks along which NMA was delivered, 
one (a) targeting cells in the vertical limb of 
the diagonal band (50 ug) and SMN (50 pg), 
the other (5) targeting cells in the horizontal 
limb of the diagonal band (DBH, 125 ре), SI 
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(75 wg) and IC (50 pg). This lesion produced a drastic and widespread depletion of AChE-positive axons in the neocortex. In addition to the 
cholinergic basal forebrain neurones, cells in the caudate, globus pallidus, ventral pallidum and rostral pole of the dorsal thalamus were also 
destroyed by the NMA injections. The cell loss in the thalamus was confined to the reticular, ventral anterior and ventral lateral nuclei. The 
portions of the claustrum (Clau) and intralaminar thalamus that project to the visual cortex were spared by the NMA injections. AC, anterior 
commissure; Ca, caudate nucleus. c, Coronal section through the forebrain of K152 at the approximate frontal plane A 16.25 to illustrate a 
cingulate gyrus lesion. The blackened region was surgically removed by subpial aspiration. The lesion produced a depletion of AChE-positive 
axons in the striate cortex comparable to that observed with basal forebrain lesions. Analysis of cortical tissue using HPLC confirmed that 
NA was also reduced in area 17 to <50% of control levels (Table 1). d, Anterior-posterior extent of the lesion in c in a mid-sagittal view of 
a kitten brain, showing the approximate level of each of the sections illustrated. Also indicated is the extent of the cingulate gyrus lesion in 


K152 (black area). Scale bars, 5.0 mm. 


а ганан. 


жш... E 
$3 


^" 
^i 


bot v 
doy 


Fur 


RN ; 
: EVE Nested 





Р А 
” 


i oy 
TAE 
NN AUS \ 






ES af 


nha ke ee ele 





Fig. 2 Photomicrographs of AChE-containing axons in the striate cortex of a 47-day-old kitten. b, Layers I-IV in the hemisphere that had 

received a chemical lesion of the cholinergic basal telencephalon 18 days earlier. a, A homotypic region in the contralateral control hemisphere. 

A unilateral loss of ocular dominance plasticity accompanies this reduction in the density of cholinergic axons if cortical noradrenaline is 
depleted concurrently. Magnification, x150. 


other methods causing noradrenaline (NA) depletion leave the 
plasticity intact^ ^, Here we present a possible explanation for 
the conflicting results. Combined destruction of the cortical 
noradrenergic and cholinergic innervations reduces the physiologi- 
cal response to monocular deprivation although lesions of either 
system alone are ineffective. We also find that 6-OHDA can 
interfere directly with the action of acetylcholine (ACh) on cortical 
neurones. Taken together, our results suggest that intracortical 
6-OHDA disrupts plasticity by interfering with both cholinergic 
and noradrenergic transmission and raise the possibility that ACh 
and NA facilitate synaptic modifications in the striate cortex by 
a common molecular mechanism. 

Our study was designed to assess the contribution of the 
extrathalamic cortical afferents to OD plasticity in the striate 


cortex. Our attention was focused initially on the cholinergic 
projection for three reasons. First, there is converging bio- 
chemical! 2 and anatomical? evidence suggesting that the stri- 
ate cortex receives a dense cholinergic innervation during the 
critical period. Second, the facilitatory action of ACh on excita- 
tory transmission in striate cortex!^'? increases the probability 
of postsynaptic activation, a condition that is required for the 
experience-dependent modification of many excitatory synap- 
ses'^, Third, the cholinergic projection is thought to be an 
important component of the ascending reticular activating sys- 
tem", and there is evidence that reticular activation of striate 
cortex may be necessary for OD plasticity!* ^. 

The cholinergic innervation of striate cortex arises from cells 
scattered through the basal telencephalon (Fig. 1a, b; ref. 20). 
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| Fig. 3 Percentages of cells in each of the five ocular dominance 

Crap. groups in the experimental (a, c, e) and control (b, d, f) hemi- 

spheres. Open circles, monocular open eye groups; filled circles, 

monocular closed eye groups; B, strictly binocular groups (group 

3); U, % of unclassifiable neurones. a, b, Composite ocular domin- 

B all ance histograms from kittens that received unilateral NMA lesions 

= -o- == of the cholinergic basal forebrain before 7-11 days of monocular 

$e. B. o V 9. B 76. 2% deprivation (see Table 1). The ocular dominance distribution is 

shifted to the open eye both in the ACh-depleted left hemispheres 
(a, 126 cells) and in the control right hemispheres (5, 66 cells). c, 
d, Composite OD histograms from kittens that received unilateral 


| а 
T 6-OHDA lesions of the dorsal noradrenergic bundle 1 week before 





the NMA lesions of the forebrain (see Table 1). c, OD distribution 

in the experimental hemispheres (110 cells) is significantly more 

binocular and less shifted than in d, showing the distribution in 

the control hemispheres (97 cells). e, Composite OD histograms 

from kittens that received unilateral lesions of the cingulate gyrus 

before 8-9 days of monocular deprivation (see Table 1). The OD 

histogram from the cingulate-damaged hemispheres (e, 94 cells) is 

qj also significantly more binocular and less shifted than that from 

-0- = a the control hemispheres (f, 64 cells). The striate cortex in both the 

ө B о у 6-OHDA+NMA-injected and cingulate-damaged hemispheres 

was depleted of its normal complement of cholinergic and 

noradrenergic axons. Other than OD, the visual-response proper- 

ties of the cells recorded in these hemispheres did not differ from 

the controls. Histological reconstruction of the electrode tracks 

was not possible because the area centralis representation of area 

17 was dissected for HPLC analysis. However, our sampling 

methods were the same in both hemispheres and no obvious 

laminar bias was indicated by the relative percentages of simple 
or complex cells encountered. 


jm 


-50- | 
SUN " i 
e. o Uu 








Table 1 Rearing histories of kittens and physiological results 








Ape Monocular 
at lesion deprivation Control hemispheres Experimental hemispheres 
Animal Lesion (days postnatal) (days postnatal) N B OED N B OED % NA 
K125 BF 29 33-43 21 0.06 0.94 30 0.46 0.61 — 
K127 BF 29 40-47 20 0.25 0.81 30 0.38 0.77 — 
К128 ВЕ 29 44-55 25 0.33 0.67 36 0.52 0.59 -- 
K142 BF 32- 32-40 — — -- 30 0.26 0.83 — 
K149 DNAB/BF 32/39 39-48 30 0.39 0.71 35 0.84 0.31 16 
K151 DNAB/BF 32/39 41-50 30 0.33 0.80 35 0.78 0.39 49 
K156 DNAB/BF 32/39 39-49 37 0.31 0.72 40 0.74 0.26 40 
K152 С 39 39-47 31 0.19 0.89 31 0.69 0.40 30 
K157 C 39 39-47 — -- — 33 0.70 0.32 40 
K158 C 39 39-48 33 0.42 0.60 30 0.79 0.30 31 
K160 DNAB 32 39-49 — — — 30 0.33 0.82 33 
K164 С* 35 35-45 — — — 30 0.33 0.64 — 


——————————— данда —— i— — a ct CP DTE 

BF, basal forebrain; DNAB, dorsal noradrenergic bundle; DNAB/BF, DNAB followed by BF; C, surgical aspiration of the cingulate gyrus; C*, 
NMA lesion of cingulate cortex. N, number of cells recorded in each hemisphere; B, binocularity; OED, open-eye dominance for each hemisphere. 
Binocularity is defined as the number of cells in OD groups 2-4 divided by the total number of cells recorded. OED (after Paradiso et al*) is 
defined as the number of cells in group 5 plus 0.5 times the number of cells in group 4 divided by the total number of cells (group 5, by convention, 
is the monocular group dominated by the open eye). In all cases except K142 the lesions were unilateral so that the opposite hemispheres could 
serve as controls. The cortical NA content in hemispheres with DNAB and C lesions (expressed as a per cent of the control cortex) is also shown. 
In these cases, saline-perfused samples of visual cortex were rapidly dissected from both hemispheres and frozen at -70%С. The samples were 
subsequently homogenized in 0.1 M perchloric acid containing EDTA (60 mg 17!) and sodium metabisulphite (100 mg 17!) and then centrifuged to 
remove denatured protein. Aliquots of the supernatant were applied directly to an HPLC column (ALTEX ODS 5 рт) and the catechol compounds 
were measured relative to an internal dihydroxybenzylamine standard using electrochemical detection as described elsewhere^?5. The NA content 
of the control visual cortex was 73.67 +7.26 (mean +s.e.m.) ng per g tissue, wet weight. 
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Fig. 4 Antagonistic effect of iontophoretically applied 6-OHDA on ACh-evoked responses. а, Peri-stimulus time histogram of the control 
response of a simple cell in the striate cortex to an optimally oriented bar of light swept at a constant speed over the receptive field of the 
neurone. The ordinate shows the number of spikes per bin accumulated in 10 trials; bin width, 20 ms. b, To facilitate quantitative comparisons, 
the same data are expressed as total spikes accumulated as a function of sweep time. In this example, the cell responded to 10 stimulus 
presentations with 148 spikes. Scale bar, 1.0s. c, Response of this cell to visual stimulation is plotted as in b, under the 12 test conditions 
listed in chronological order. The interval between tests ranged from 1 to 1.5 min. Indicated after each drug tested is the iontophoresis current 
(nA). The visual response of this cell was reliably enhanced each time ACh was applied by itself (tests 2, 4, 8 and 10). However, this 
enhancement was reduced considerably when 6-OHDA was applied concurrently (test 3). In contrast, NA applied in the same way had no 
effect on the ACh response (test 9); 6- OHDA application by itself had little apparent effect (test 6) compared with the control responses (tests 
1, 5, 7 and 11). d, Peri-stimulus time histogram of the control response of a complex cell in the striate cortex to a bar of light swept first in 
the preferred direction, then in the opposite direction. e, Data from this complex cell expressed as in b and c. Test conditions arc listed in 
chronological order and the interval between tests ranged from 1 to 7 min. In this example, the facilitation of the visual response by ACh 
(tests 2 and 6) was completely blocked by 6-OHDA (test 5). Noradrenaline did not have a similar action (test 7) and 6-OHDA had no effect 
on the cellular response when applied alone (test 4). Scale bar, 1.0s. Excitation of this cell with glutamate was not antagonized by the 
concurrent application of 6-OHDA (data not shown). 

Methods. All the records were made with a micropipette containing 1.5 M potassium citrate (К = 15 M) that protruded ~ 50 рт from an 
attached 7-barrel micropipette. Two of these barrels contained acetylcholine chloride (2.0 M, pH 4.5), two contained 6-OHDA-HCI. (0.2 M) 
in 0.1% ascorbate (pH 3), one was filled with noradrenaline-HCl (0.2 M), also in 0.1% ascorbate, and one contained glutamic acid (0.3 М, 
pH 8). Currents of 5 nA were applied to retain the drugs in the barrels; positive for glutamate and negative for all others. Tip potentials were 


automatically balanced by passing currents of equal and opposite polarity through an additional barrel containing 2.0 M NaCl. 


We destroyed these cells with the excitotoxin N-methyl-DL- 
aspartate (NMA) in 4-5-week-old kittens, and then tested for 
a deficit in the OD shift after brief periods of monocular depriva- 
tion. All lesions were made in the left hemisphere. The right 
eyelids were closed and, 7-10 days later, a standard physiologi- 
cal assay of OD was performed in the striate cortex on both 
sides!?. As the normal OD shift is nearly symmetrical in the two 
hemispheres??, the cortex on the right (unoperated) side served 
as an internal control. The effectiveness of the lesions was 
monitored by acetylcholinesterase (AChE) histochemistry. 
Most, if not all, of the AChE-positive axons in the cat striate 
cortex arise from cholinergic cells in the basal telencephalon”. 

A typical basal forebrain (BF) lesion, illustrated in Fig. 1a, b 
(left side), resulted in a drastic reduction in the density of 
AChE-stained axons in striate cortex (Fig. 2). Nevertheless, 
subsequent monocular deprivation shifted the OD of cortical 
neurones dramatically to the open eye (Fig. 3a, b, Table 1). 
These data indicate that a substantial depletion of ACh alone 
is not sufficient to block plasticity. However, when cortical NA 
was depleted by >50% (Table 1) before the basal forebrain 
lesions, the normal OD shift was prevented (Fig. 3c, d; Table 
1). The noradrenergic projection was destroyed unilaterally in 
these animals by injecting 6-10 ug of 6-OHDA into the left 
dorsal noradrenergic bundle (co-ordinates A7, L3, DO). Daw 


et al? have shown, and we have confirmed (K160, Table 1), that 
dorsal noradrenergic bundle lesions do not normally affect the 
plastic response to monocular deprivation, even with a 70-90% 
depletion of cortical NA. Thus, although basal forebrain and 
dorsal noradrenergic bundle lesions alone are ineffective, they 
cause a significant loss of OD plasticity in the striate cortex 
when they are combined. 

These data suggest that the combined depletion of cortical 
ACh and NA is a sufficient condition to retard experience- 
dependent synaptic modifications in the striate cortex. This 
notion was tested further by using a second experimental 
approach. Anatomical studies in this laboratory indicate that 
cholinergic and noradrenergic axons en route to area 17 travel 
together within the white matter of the cingulate gyrus. Thus, 
surgical lesions of the cingulate gyrus also effectively deplete 
striate cortex of both NA and ACh. Such a lesion (Fig. 1c. d) 
drastically reduces the density of AChE-positive axons, depletes 
endogenous NA (Table 1) and prevents the normal OD shift 
after monocular deprivation in area 17 on the lesioned side 
(Fig. 3e, f; Table 1). In one kitten (Table 1, K164), an extensive 
lesion of the cingulate cortex was made with multiple injections 
of NMA, which spares axons of passage. This treatment did not 
significantly alter the normal OD shift after monocular depriva- 
tion, thus confirming that the effects of the surgical lesions are 
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caused by the interruption of pathways passing through the 
cingulate gyrus. 

These results predict that any treatment that simultaneously 
blocks noradrenergic and cholinergic transmission in the cortex 
is effective in slowing the OD shift after monocular deprivation. 
The work of Furness?! on intestinal smooth muscle indicates 
that continuously applied 6-OHDA has exactly this effect— 
noradrenergic denervation and blockade of muscarinic 
cholinergic transmission. We explored this possibility in the 
striate cortex by assessing the effects of 6-OHDA iontophoresis 
on the neuronal responses induced by applying ACh from a 
piggyback microelectrode assembly”. We studied 30 ACh-sensi- 
tive neurones in the striate cortex of three adult cats. The effects 
of ACh iontophoresis were generally in agreement with those 
of Sillito and Kemp’. In most cases (26 cells), the visual 
responses were enhanced by ACh. However, in 85% of these 
cells the enhancement was significantly attenuated when ACh 
was applied concurrently with 6-OHDA (Fig. 4). 

Our iontophoretic data are consistent with the hypothesis that 
the continuous application of 6-OHDA to the cortex affects 
cholinergic transmission, suggesting that intracortical 6-OHDA 
disrupts cortical plasticity by a combined action on the 
noradrenergic and cholinergic projections. In this context, note 
that the threshold concentration of 6-OHDA to block muscarinic 
transmission in the gut is ~5 uM (ref. 21). This is the same 
tissue concentration of 6-OHDA that Kasamatsu et al?’ calcu- 
lated to be the threshold for preventing plasticity in the striate 
cortex of kittens. 

It is not yet clear whether these data indicate a special role 
for NA and ACh in the control of cortical plasticity. Many 
experience-dependent synaptic modifications seem to require 
the activation of cortical neurones! and there are indications 
that this activation must exceed the threshold of voltage-sensitive 
Са?" channels in order to be effective?^. Thus, removal of enough 
facilitatory extrageniculate inputs could lower cortical excitabil- 
ity below the threshold for synaptic modifications. Both ACh 
and NA reduce К? permeability/?5 and hence both could 
enhance depolarization in response to visual input. On the 
other hand, the actions of these neuromodulators may be related 
more specifically to the control of synaptic plasticity in the 
cerebral cortex. For example, both stimulate the production of 
cyclic nucleotides and the mobilization of intracellular Ca?* in 
target neurones", Thus, it is plausible that ACh and NA regulate, 
via second-messenger-dependent phosphorylation, a common 
set of proteins that are involved in the modification of synaptic 
transmission. 
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Dr J. Dann for critically reading the manuscript, C. Ziegler for 
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T-lymphocyte co-recognition of antigen and major histocompati- 
bility complex (MHC)-encoded molecules (such as murine Ia 
molecules) is thought to be mediated by a single cell-surface 
receptor, although the molecular mechanism by which this occurs 
is controversial (reviewed in ref, 1). One possibility is that the 
antigen molecule and the Ia molecule interact physically, either 
before or after encountering the T-cell antigen-specific receptor’. 
Alternatively, both molecules could bind to the receptor indepen- 
dently of one another, accounting for the dual specificity of the 
receptor without postulating a physical interaction between a 
limited number of Ia molecules present in any given animal and 
the myriad antigens to which T cells can respond. Here, we used 
a recently described approach for analysing the relative avidity of 
the T-cell receptor for different ligands? to address these two 
possibilities. We describe a T-cell clone whose response to a single 
antigen, presented in the context of two different Ia molecules, 
strongly suggests that the antigen and the Ia molecule interact 
physically. А 

Receptor-bearing cells in culture compete with each other for 
ligand. For a fixed concentration of ligand, as the number of 
responding cells in an assay increases, at some point the number 
of receptors occupied per cell will decrease as the free ligand 
becomes significantly depleted by binding to the receptor. If the 
response of the cell to the ligand is proportional to the number 
of receptors occupied, at least in the dose-sensitive portion of 
the response, then the average cellular response, or the probabil- 
ity that a cell will respond in the case of a proliferation assay, 
will also decline^$. Furthermore, the point at which the cells 
bind sufficient ligand to result in a decrease in the average 
cellular response is dependent upon two variables: the number 
of receptors per cell and the affinity of the receptors for the 
ligand. We have used this phenomenon to analyse the interaction 
of the T-cell antigen-specific receptor with its ligand, which is 
a combination of antigen and Ia molecule (antigen-Ia)*. The 
fraction of T cells stimulated by antigen-Ia to incorporate ?H- 
thymidine varied as a function of the number of responding T 
cells, best displayed by plotting the response of the T cells as 
a fraction of the maximum response achieved (Fig. 1). In a 
previous study we used this technique to compare the ability of 
four synthetic analogues of moth cytochrome c to activate a 
T-cell clone when presented in association with a single Ia 
molecule, ESE‘ (ref. 3). In the present study, we assessed the 
effect of changing the allelic form of the Ia molecule while 
keeping the antigen constant. 

The T-cell clone designated F1.A.2 can recognize the moth 
cytochrome c synthetic fragment 86-89; 93-103(93E) (moth 
fragment) in association with either ЕКЕ“ or ERE. These two 
Ja molecules differ by only four amino acids in the N-terminal 
domain of their B-chains (ref. 7 and P. Jones, personal communi- 
cation). The moth fragment was 13-fold more potent (defined 
in Fig. 1) when recognized in association with ЕКЕ“ than with 
ERE% (one representative experiment is shown in Fig.2, ап 
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Fig. 1 Schematic representation of shifts in the antigen dose- 
response for various numbers of responding T cells. a, The prolif- 
erative response of a T-cell clone to varying concentrations of 
antigen in the presence of a fixed number of antigen-presenting 
cells (that is, the number of Ia molecules is constant). Each curve 
represents a different number of responding T cells, shown in 
threefold increments (1x, 3x, 9x, 27x). Because receptor-bearing 
cells compete with each other for ligand, as the number of respond- 
ing cells in culture is increased, the fractional response will 
десгеаѕе?-$, When this results in an observable shift in the dose- 
response curves, the ‘transition point’ is said to have been reached". 
In a, by inspection, the transition point is found to occur between 
the 1x and 3x increments. b, Illustration of a potency difference 
due to avidity. In the example shown, an antigen analogue exhibits 
a ninefold lower potency than the parent molecule. The relative 
potency of different antigen analogues (indicated here by a broken 
line perpendicular to the abscissa) is determined by comparing the 
concentrations of antigen required to achieve 5096 of the maximal 
response for a specific responding cell number at or below the 
transition point. An alteration in the antigen that reduces the 
affinity of the antigen-specific receptor for antigen-Ia will result 
in a loss in potency. Furthermore, the lower affinity will also result 
in a decrease in the ability of the antigen-specific receptors to 
compete for ligand. Therefore, the number of responding cells 
required to achieve the transition point will increase (b). Alterna- 
tively, other modifications to the antigen might not affect the affinity 
of the antigen-specific receptor for the antigen-Ia, but would still 
cause a loss of potency (for example, by altering the way in which 
the antigen is processed, its solubility in the lipid membrane of 
the APC, its ability to interact with the Ia molecule) as shown in 
c. c, Dose-response curves using such an antigen analogue that 
differs in potency by ninefold from the analogue in a. In this case 
there is no difference in the affinity of the antigen-specific receptor 
for either the analogue or the original molecule. Therefore, the 
number of responding T cells needed to achieve the transition 
point is identical. The two different patterns shown here could also 
be generated by altering the affinity of the Ia molecule for either 
the receptor (b) or the antigen (c). Note that the descending portion 
of each of these schematic dose-response curves represents the 
phenomenon of ‘high-dose suppression’ seen on antigen activation 
of T cells!5, This is not the result of antigen toxicity, but rather of 
receptor occupancy, and the shifts in the descending portions of 
the dose-response curves roughly parallel the shifts in the ascend- 
ing portions. 


average of four experiments is given in Table 1). We investigated 
the way in which varying the responding number of this T-cell 
clone affected its response to antigen in association with either 
Ia molecule. Despite the difference in potency, we found no 
significant difference in the degree to which the antigen dose- 
response curves shifted when antigen-presenting cells bearing 
either Ia molecule were used (Table 1). The unlikely possibility 
that the number of EgE, molecules present on the two types 
of antigen-presenting cells differed by 13-fold, thus accounting 
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Table 1 Summary of shifts in the antigen dose-response curve using moth 
86-89; 93-103(93E) in association with ERE% or ESEZ, 








[Ag]so% ratio 
No. of responding T cells (x10 7) 





APC Expt 2 6 18 54 
B10.A 1 1([0.00036]* 1.56 2.19 $0 
(ESE) 2  1[0.00018] 1.1 2.22 3g 
2 1[0.00014] 1.0 1.14 214 
4 1[0.00075] 1.19 177 316 

Geometric mean: 1[0.00029]T 120(110) 1.7701} 320119} 
B10.A(5R) 1 1[0.0056] 1.27 2.32 5 36 
(EREK) 2 1[0.0018] 1.39 3.11 394 
3 1[0.0018] 1.0 1.39 250 
4 [0011] 1.06 1.59 238 

Geometric mean: 1 [0.0038]t 1.17 (1.08) 2.00(1204 315112102 





T-cell proliferation assays were performed as described іп Fig. 2 legend Тһе 
concentration of antigen required to achieve 50% of the maximal simulation of 
the clone F1.A.2 ([Ag]sox) in the presence of either B10.A antigen-presenting 
cells (APC) (bearing the Ia molecule E&EX) or B10.A(5R) APC (bearing 1.565) 
at varying numbers of responding cells was determined in four separate experi- 
ments. A ratio was then calculated for each group by comparing the concentration 
of antigen required for a 50% response with the concentration required for a 50% 
response by the lowest number of responding T cells, 2x 10° per well Values in 
parentheses are х/ + s.e.m. of the geometric means. 

* The concentration of antigen (WM) required to achieve 50% of the maximal 
response at 2x 10° responding T cells. 

+ The ratio of these two numbers (0.0038/0.00029 = 13.1) defines the potency 
difference for the two different antigen-Ia molecule ligands. 

+ Significantly different from 1 at the 5% level (two-tailed Student. t-test). 


for the difference in potency, was ruled out by quantitative flow 
microcytofluorimetric analysis using a monoclonal antibody 
(14.4.4) that binds to the E, chain; the levels of E* expressed 
on the spleen cells from the two strains were comparable (data 
not shown). 

A potency difference that results from an alteration in the 
affinity of the T-cell receptor for any component of its ligand 
(either the antigen or the Ia molecule) would be seen as a 
difference in avidity of the T-cell receptor for the entire ligand, 
and should be reflected in the antigen dose-response curve shifts 
that occur as the number of responding T cells is increased. As 
the ligand recognized with lower avidity must be present in 
greater amounts than the ligand recognized with higher avidity 
in order to achieve the same degree of activation, the competiti- 
tion that occurs between receptor-bearing cells should result in 
a greater fractional depletion of the ligand recognized with 
higher avidity. In the case where the Ia molecule has been 
altered, the shifts of the antigen dose-response curve would 
occur at lower numbers of responding T cells for the Ia molecule 
requiring less antigen than for the Ia molecule requiring more 
antigen. In contrast, if the functional difference between the two 
Ia molecules were a consequence of their interaction with the 
antigen, no difference would be expected between them in the 
way the antigen dose-response curve shifted. In this case, 
although the amount of soluble antigen would vary at the same 
degree of cellular response, the amount of the true ligand (anti- 
gen-Ia) would be the same. For the antigen-Ia molecule combi- 
nation studied here (moth fragment plus ЕБЕ“ and moth frag- 
ment plus EEX), no difference was seen in the shifts of the 
antigen dose-response curve, despite a 13-fold difference in the 
observed potency. This result suggests that there is no avidity 
difference between the T-cell antigen-specific receptor and these 
two ligands. The most likely mechanism by which a change in 
the molecule could cause the potency difference is through a 
change in the interaction between the Ia molecule and the 
antigen. Although altering the Ia molecule did not result in a 
change in avidity in this particular case, the possibility exists 
that, with other T-cell clones, making such a change will alter 
a site on the Ia molecule that makes contact with the T-cell 
receptor, and hence alter the affinity of the antigen-specific 
receptor for the Ia molecule. 
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Fig. 2 The proliferative response of varying numbers of a T-cell 
clone to the antigen moth cytochrome c in the presence of the 
ЕЕЕ Ia molecule (B10.A APC; а) or the ESE“ Ia molecule 
(B10.A(5R) АРС; Б). The T-cell clone F1.A.2 was obtained by Dr 
Gen Suzuki of our laboratory from [B10.A x BIO.A(3R)]F, mice 
immunized with pigeon cytochrome c in Freund's complete 
adjuvant (Difco). Cell lines were established from T cells taken 
from the draining lymph nodes and T-cell clones prepared by 
limiting dilution as described previously’. The clone F1.A.2 was 
found to respond to a variety of cytochrome c species variants in 
association with either ERE% or Eg EE, as determined by its prolife- 
rative response to irradiated (3,300 rad) spleen cells from congeneic 
C57BL/10 mice in the presence or absence of anti-Ia monoclonal 
antibodies specific for products of the J-A or I- E subregion (data 
not shown). The nomenclature used to describe the Ia molecules 
in this study is as follows: the E denotes the subregion of the 
mouse H-2 complex that encodes the protein, the subscripts refer 
to the two chains that make up the Ia heterodimer, and the 
superscripts refer to the allelic forms of the two chains. The T-cell 
clone was maintained by periodic stimulation with pigeon cyto- 
chrome c plus irradiated B10.A spleen cells (for 4 days), followed 
by a period of rest (9-17 days) in the absence of antigen. Con- 
canavalin A-stimulated rat spleen cell supernatant (as a source of 
interleukin-2) was occasionally added to the cultures 48h after 
stimulation with antigen to promote optimal expansion of the cells. 
After a rest period, F1.A.2 T cells were titred into 96-well flat- 
bottomed plates (3596, Costar) at 2x 10° (6), 6x 10? (O), 18x 10? 
(А) or 54x10? (O) cells per well. Each well contained 5x10? 
irradiated (3,300 rad) spleen cells from В10.А (a) or B10.A(5R) 
(b) mice as a source of APC bearing the Ia molecules, and varying 
concentrations of the synthetic peptide moth cytochrome c 86- 
89; 93-103(93E)'’. Each well was brought to a final volume of 
200 pl with complete medium, а 50:50 (v/v) mixture of RPMI 
1640 medium (Biofluids, Rockville, Maryland) and Eagle's Hank's 
Amino Acids (Biofluids), supplemented with 1096 fetal calf serum, 
5x10? M 2-mercaptoethanol, 4 mM glutamine, 100 U ші! of 
penicillin and 150 ug ті! gentamicin. After 48h of culture at 
37°C in a humidified atmosphere containing 5% СО,, the wells 
were pulsed with 1 Сі of *H-thymidine (6.7 Ci mmol™; ICN); 
16h later the plates were harvested (PHD Cell Harvester, 
Cambridge Technologies, Cambridge, Massachusetts) and the 
amount of thymidine incorporation assessed by liquid scintillation 
counting. The results of duplicate cultures were averaged and 
plotted as a percentage of the maximal response achieved for each 
responding cell number. The maximum responses in this experi- 
ment were as follows. B10.A APC: 2x 10, 19,200 c.p.m.; 6x 10?, 
55,400 c.p.m.; 18х107, 126,700 c.p.m.; 54x10), 350,300 c.p.m. 
B10.A(5R) APC; 2x 10°, 23,000 c.p.m.; 6x 10°, 63,400 с.р.т.; 18x 
10°, 157,100 c.p.m.; 54 x 107, 263,300 c.p.m. 


The data presented here can be used to discriminate between 
some of the models proposed to explain the molecular basis of 
T-lymphocyte co-recognition. One modei hypothesizes that the 
three molecular elements physically interact to form a stable 
complex that ultimately leads to signal transduction (the 
trimolecular complex model; Fig. 3a). In this model, the T-cell 
antigen-specific receptor, along with the antigen and the Ia 
molecule, combine to deliver a stimulatory signal to the T cell. 
A change in affinity at any one of the potentia! interaction sites 
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Fig.3 Two models for antigen-specific T-cell receptor recognition 
of antigen and an Ia molecule. a, The trimolecular complex model. 
The three elements of the trimolecular complex (antigen-specific 
receptor, antigen and Ia molecule) are in equilibrium with a ternary 
complex. There are three potential sites of interaction: T-cell recep- 
tor/antigen, T-cell receptor/fa molecule, and  antigen/la 
molecule?. Each bimolecular interaction in the complex can be 
considered as a discrete reaction with its own kinetic constants. b, 
The allosteric or induced-fit model. In an allosteric model, the 
T-cell antigen-specific receptor has two binding sites: one for the 
antigen and the other for the Ia molecule. In an induced-fit model, 
a binding site exists for only one of the elements in the absence 
of the other. In either case, the affinity for one of these elements 
(the antigen, in this example) is so low that at equilibrium, 
insufficient binding occurs to lead to activation. The antigen- 
binding portion of the T-cell receptor is depicted by a shallow 
dotted depression to indicate that the antigen-binding site might 
not exist before the binding of the Ia molecule, or that it might 
exist predominantly in a low-affinity state (left). In this example, 
when the Ia molecule occupies its portion of the receptor, a 
conformational change occurs (or an alternative state is stabilized) 
(middle) such that the receptor can now bind the antigen with 
high affinity (right). This results in signal transduction. There is 
no postulated direct contact between the antigen and the Ia 
molecule. Note that a completely allosteric model requires two 
alternative states after Ia molecule binding to account for the 
differences we have observed previously in the fine specificity of 
antigen binding in the presence of ЕХЕ“ as opposed to ЕБЕ“ Ia 
molecules'*. . 


would alter the potency of the ligand by virtue of the effect on 
the stability of the final trimolecular complex. If only the interac- 
tion between the Ia molecule and the antigen were altered, the 
affinity of the T-cell antigen-specific receptor for its ligand 
(antigen-Ia) could be unchanged, and the antigen dose- 
response curves would shift identically regardless of which Ia 
molecule was used to stimulate the T cell; this was the result 
obtained for clone F1.A.2. In contrast, the present results are 
not consistent with a simple allosteric or induced-fit model 
(Fig. 3b) of T-cell recognition. In such a model, differences in 
the ability of one antigen to stimulate a T-cell clone in the 
presence of two different Ia molecules must result from a 
difference in the affinity of the T cell's antigen-specific receptor 
for either the two Ia molecules or the antigen (the latter due to 
different states of the receptor induced or stabilized by the two 
Ja molecules)?''?, 

The results presented here argue only that the Ia molecule 
and the antigen interact physically, thus they do not exclude a 
third model, that of ‘altered self’; in which the antigen induces 
a conformational change in the Ia molecule which is detected 
by the T cell’s antigen-specific receptor!^!?. This particular 
model seems unlikely in view of the accumulating data which 
suggest that the antigen-specific receptor can bind antigen іп” 
the absence of an Ia molecule under certain circumstances? P, 
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of the manuscript. 
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Helper T cells recognize foreign antigen displayed on antigen- 
presenting cells which also express self-molecules of the major 
histocompatibility complex (МНС)!. A single T-cell receptor 
mediates recognition of both MHC and foreign antigen". А 
proposed ternary complex between T-cell receptor, foreign antigen 
and MHC antigen has not yet been demonstrated (see ref. 1.for 
review). Here, we show that a fluorescein-labelled synthetic peptide, 
together with Texas red-labelled class II MHC antigen, LA‘, 
stimulates the production of interleukin-2 by a peptide-specific 
I-A'-restricted T-cell hybridoma when reconstituted in a lipid 
membrane on a glass substrate. Under the same conditions, reson- 
ance-energy transfer from donor peptide to acceptor I-A can be 
stimulated in an evanescent wave-field only in the presence of the 
specific T-hybrid. Our results show that the T cell stabilizes an 
association between peptide antigen and class II MHC protein to 
within a distance of about 40 A. 

The T-cell hybridoma 3DO-54.8 recognizes a 17-residue tryp- 
tic peptide representing residues 323-339 of ovalbumin when 
processed ovalbumin is presented by I-A‘-bearing antigen-pre- 
senting cells^. Previous work has shown that when phospholipid 
vesicles are allowed to interact with a clean glass slide, the 
vesicles fuse to form a continuous membrane”. When these 
vesicles contain MHC antigens, the resulting planar membranes 
are effective in stimulating T-cell responses™®. When synthetic 
peptide 323-339 is presented by I- A^-containing planar mem- 
branes, the midpoint of the dose-response curve occurs at 2 yM 
antigen and the response saturates at 20 uM antigen’. Тһе N- 
terminal three residues and the C-terminal three residues of this 
peptide can be removed with only a small shift in the dose- 
response curve’. In the present study, the amino-terminus of 
peptide 323-339 was modified with fluorescein 5-isothiocyanate 
(FITC). The resulting peptide was indistinguishable from 
unlabelled peptide in stimulating interleukin-2 (IL-2) produc- 
tion from 3DO-54.8 cells (data not shown). The I-A? was 








* Present address: Institute for Biophysics E22, Department of Physics, Technische Universitat 
München, 8046 Garching, FRG. 
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Fig. 1 T-cell stimulation by Texas red-labelled I-A? in supported 
lipid membranes. IL-2 production from 3DO-54.8 cells in contact 
with supported planar membranes containing purified I-A‘ was 
measured using the IL-2-dependent cell line CTLL as described 
previously$. Planar membranes contained unlabelled I-A? (6, О) 
or Texas red-labelled I-A? (five Texas red molecules per I-A 
molecule) (Bl, (3). Filled symbols, fluorescein-labelled peptide 
antigen added to a final concentration of 2 рМ; open symbols, no 
antigen. Peptide labelling was carried out for 2h at room tem- 
perature in 0.1 M sodium bicarbonate/carbonate buffer pH 9.0 
using a fivefold molar excess of FITC (isomer 1, Molecular Probes 
Inc., Junction City) over peptide. Labelled peptide was purified 
using HPLC’. Texas red (Molecular Probes Inc.) labelling of I-A 
was carried out for 2.5 h on ice in 0.5% (w/v) sodium deoxycholate 
in 0.1 M sodium bicarbonate/carbonate pH 9.5 using a 1,000-fold 
molar excess of Texas red to I-A. Excess Texas red was removed 
by exhaustive dialysis. The Texas red-labelled I-A was recon- 
stituted with egg phosphatidylcholine/cholesterol as described pre- 
viously®. Dialysis of a lipid sample containing free Texas red 
showed that all the noncovalently linked Texas red could be 
removed by the exhaustive dialysis. 


modified with the fluorescent probe Texas гей“, Usually, the 
product contained five Texas red molecules per I-A molecule. 
Figure 1 shows IL-2 release by 3DO-54.8 cells in contact with 
planar membranes containing purified unlabelled or Texas red- 
labelled I-A. The results shown are for 2 рМ fluorescent peptide 
323-339. Although there is a decrease in the stimulatory ability 
of I-A after modification with Texas red, the overall response 
is still high. 

I-A was incorporated into planar membranes on two classes 
of glass (or quartz) substrates. The experiments described in 
Fig. 1 were carried out on hydrophilic supports as described 
previously". In addition, planar membranes were prepared by 
fusing I-A2-containing phospholipid vesicles on supports that 
had been alkylated with hexadecyltrichlorosilane (C,, supports). 
(Alkylated supports have been described elsewhere?.) The result- 
ing membranes contain I-A? as measured by Texas red fluores- 
cence. IL-2 production by 3DO-54.8 cells in contact with planar 
membranes on С,; supports requires —10-fold more peptide 
antigen than the same membranes on hydrophilic supports (data 
not shown). A preliminary experiment indicates that the recon- 
stituted I-A оп С, supports exhibits slow lateral diffusion 
(1071? cm? $7!) whereas lateral diffusion of MHC antigens in 
lipid bilayers on hydrophilic supports is below the limits of 
detection («10^!! cm? 871)56, These values were determined by 
using fluorescein-labelled anti-I-A antibody and measuring 
fluorescence recovery after photobleaching!?. 

The apparatus for observing resonance energy transfer at the 
T-cell/lipid membrane interface is shown in Fig. 2a. Essential 
features are the use of evanescent wave excitation!!!" and the 
use of a monochromator to record fluorescence emission spectra. 
Energy transfer between donor peptide and acceptor MHC 
molecules will be stimulated only if these molecules are within 
40 À of one another (for a review of Fórster energy transfer see 
refs 13, 14). Only those donor-labelled peptide molecules that 
are within 800 À of the planar membrane surface are excited; 
this has the effect of reducing the fluorescein background in our 
samples by three orders of magnitude and also greatly reduces 
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Fig.2 а, Experimental design; b, schematic representation of the 
molecular problem. a, The microfluorometer is based on an inverted 
microscope (Nikon Diaphot TMD) on an optical isolation table. 
The beam of an argon ion laser (Spectra Physics Ar 2000) is 
attenuated to «10 mW by a set of partially reflecting mirrors and 
a halfwave plate followed by a Glan-Thompson prism. The p- 
polarized beam is focused (f =600 mm) and coupled by a high- 
refractive-index prism (n — 1.8) into a quartz microscope slide. The 
prism is positioned so that the first reflection on the upper side of 
the slide is in the sample area. Fine adjustment of the mirrors 
positions the excitation spot (~200 um diameter) in the field of 
view of the microscope. A x40 variable correction 0.55 NA Nikon 
objective was used for all measurements. A variable diaphragm in 
the image plane limits the area from which fluorescence is detected 
to a spot of <150 x 150 uM. The image of this diaphragm is focused 
(f= 600 mm) with the same aperture angle as that on the entrance 
slit of the monochromator (Spex 1681). The output slit is enlarged 
threefold and projected on the cathode of a photomultiplier (RCA 
31034 cooled housing, —30 *C). Photons are counted wth a multi- 
channel analyser (MCA; LeCroy 3500) with an EG&G 436 dis- 
criminator and an EG&G 535 preamplifier module. The mono- 
chromator is driven by a Spex Compudrive. PMT, photomultiplier 
tube; SIT silicon-intensified target. A plane wave hitting the boun- 
dary to an optically less dense medium is totally internally reflected 
if the incidence angle exceeds the critical angle (see ref. 12 for 
review). Lipid and the quartz have a very similar refractive index 
and are treated as one medium. The reflected wave creates an 
exponentially decaying evanescent electrical field in the optically 
less dense medium, the 1/e distance is —800 À. Only those 
molecules that are close to the interface are excited. The acceptor 
fluorophore (designated A) is attached to the MHC molecule, 
confined to the planar membrane, as indicated. The donor 
fluorophore (D) is attached to the peptide antigen. If the T-cell 
receptor brings about a significant enhancement in the probability 
that the donor and acceptor groups are within 40 À of each other, 
then energy extracted from the evanescent wave field and absorbed 
by the donor group D leads to an enhancement in the fluorescence 
of A through resonance energy transfer. An enhancement of 
emission from A does not distinguish between a model for a ternary 
complex in which there are two closely apposed, but separate, sites 
for antigen and MHC on the T-cell receptor, from one in which 
there is one continuous site for binding the two molecules. 
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Fig.3 Energy transfer from fluorescein-labelled peptide to Texas 
red-labelled I-A* in the presence of 3DO-54.8 cells. Shown are 
typical raw data obtained from the apparatus described in Fig. 2. 
a, Spectrum of a planar membrane containing Texas red-I-A4 and 
lipid alone; b, reference spectrum of fluorescein-labelled peptide 
antigen and 300-54.8 cells in contact with unlabelled ІА. 
containing planar membranes; c, 3DO-54.8 cells in contact with 
the planar membrane shown in a in the presence of 20 pM fluor- 
escein-labelled peptide; d, difference spectrum c — b — a. Spectra b 
and c were scaled before subtraction using the integrals of the 
curves from 500 to 544 nm. The Texas red signal is negligible at 
these wavelengths. From this difference spectrum the Texas red-I- 
A signal was then subtracted directly. The noise in the difference 
spectrum in the wavelength region 500-580 nm arises from the 
subtraction of two large numbers, which can be caused by 196 
fluctuations in laser intensity. In the region of the Texas red 
emission, this noise is less because the overall intensities used in 
the subtraction are 10-fold smaller. The fact that the double 
difference spectrum has the characteristic line shape of the Texas 
red emission shows the fidelity of the subtraction procedure. The 
double difference spectrum in the region from 500 to 580 nm is 
random noise. Cells and peptide were suspended in buffer consist- 
ing of 10mM HEPES, 120mM NaCl, 5.4mM KCl, 5.6mM 
glucose, 2.0 mM CaCL, 1.5 mM MgCL, 0.5-2% FCS. Cells were 
allowed to settle for 7 min at room temperature before the spectrum 
was recorded. 


the problem of cell autofluorescence. From the overlap integral 
between the emission of fluorescein and the absorption of Texas 
red, the energy-transfer distance is calculated to be 40 À (ref. 13). 

As a positive control, energy transfer from fluorescein-labelled 
anti-I-A antibodies was examined. When specific anti-I- A? anti- 
body (MKD6)? was used, a 90% enhancement of the Texas red 
signal was observed with antibody labelled with 8 fluorescein 
molecules per antibody. A 25% enhancement of the Texas red 
signal was observed when the antibody was labelled at a ratio 
of 1:1. No enhancement of Texas red fluorescence was observed 
with nonspecific fluorescein-labelled antibody (anti-I-A* anti- 
body 10-12.6 (ref. 15) labelled with 5 fluorescein molecules per 
protein) (data not shown). 

Texas red/I-A-containing planar membranes were prepared 
as described previously$ and their fluorescence emission spectra 
recorded (Fig. 3a). Without moving the sample on the micro- 
Scope stage, cells and peptide were added. Fluorescein-labelled 
peptide antigen was pre-mixed with T cells to give a final 
concentration of 20 uM peptide, 0.5-2% fetal calf serum (FCS) 
and sufficient cells to produce a confluent layer. In some experi- 
ments anti-I-A antibody or a 10-fold excess of unlabelled pep- 
tide was included in the solution (see Fig. 3c). The spectrum 
of a control sample consisting of fluorescein-labelled peptide 
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Table 1 Summary of energy transfer results 
Increase in 
Concentration Concentration Texas red 
No. of FITC-peptide unlabelled emission 
Expt trials Support* (uM) peptide (uM) Antibody§ Cells|| :5.0.4 
а 4 H, Cig 20 — — 0:0 
b 4 H 1 — 3DO-54.8 ~13415 
c 10 H 20 — 300-54.8 18 = 8.5 
а 3 H 20 200 — 3DO-54.8 436 
e 10 Cis 20 — 3DO-54.8 28-10 
f 4 Cis 20 200 — 3DO-54.8 -0.8-15 
g 2 Cis, H 20 MKD6 300-54.8 --202 28 
h 3 16 H 20 — FS11-72.3 6:10 
і 1 20 -- CTLL 0 





* H, hydrophilic support, resulting in a supported lipid bilayer; С.е, a support alkylated with hexadecyltrichlorosilane, resulting in a supported 


lipid monolayer. 


Т FITC-peptide, fluorescein-labelled synthetic peptide representing residues 323-339 of ovalbumin, modified and purified as described in Fig. 1 

t Unlabelled peptide, the same peptide without the fluorescein tag. The competing unlabelled peptide was added in 10-fold molar excess to the 
mixture of T cells and fluorescent peptide before adding them to the planar membrane. 

§ Sufficient MKD6 antibody was added to the mixture of T cells and peptide to saturate the I-A with antibody. 

|| 3DO-54.8, specific T cell (see text); FS11-72.3, self-reactive T-cell hybridoma which recognizes I-A*; CTLL is the cytotoxic IL-2 indicator line. 

1 The per cent enhancement of the Texas red signal was determined from a comparison of the double-difference spectrum described in Fig 3d 


with the original Texas red spectra. 


plus 3DO-54.8 cells in contact with a planar membrane contain- 
ing unlabelled I-A was recorded in a separate experiment (Fig. 
3b). To subtract the fluorescein component from spectrum c to 
obtain the signal resulting from Texas red alone, spectra b and 
c were scaled using the integral of the curve between 500 and 
544 nm. The signal obtained in spectrum a (obtained before 
addition of cells and peptide) was subtracted from the difference 
spectruin (c — b) to give the double difference spectrum d. This 
spectrum (d 2 c—b-— a) is the enhancement of the Texas red 
signal caused by the addition of cells and peptide. 

From the experiments summarized in Table 1, we conclude 
that: (1) In the absence of cells, there is no observed energy 
transfer between peptide and I-A at the same concentrations 
used in the experiments with cells (expt a), irrespective of 
whether the support is C4; or hydrophilic. (2) At peptide con- 
centrations representing the midpoint of the dose-response 
curve for IL-2 release, there is no detectable energy transfer in 
the presence of cells (expt b). (3) We always observe an increase 
in Texas red emission when peptide is added to a concentration 
of 20 uM together with the specific T cells. The magnitude of 
this enhancement is 10-30% on hydrophilic supports and 20- 
50% оп С; supports (expt c). (4) When the energy transfer 
experiment is performed in the presence of a 10-fold molar 
excess of unlabelled peptide, we always observe a smaller 
enhancement of the Texas red emission signal (expts d, f). Each 
competition experiment was carried out immediately following 
a positive experiment and always showed a decrease in the 
effect, excluding the possibility that the enhancement of Texas 
red fluorescence is caused by a change in its quantum yield on 
complexation. (5) Anti-I- A? antibody abolishes T-cell-mediated 
energy transfer (expt g). (6) Other T cells, not specific for I-A? 
and ovalbumin, show little or no energy transfer (expts h, i). 
When a small amount of transfer was observed, this could not 
be diminished by addition of unlabelled peptide (data not 
shown). Recent experiments indicate that nonspecific trapping 
of the peptide between the two membranes leading to energy 
transfer, can be decreased by increasing the concentration of 
FCS. The only exception to the above statements was obtained 
with the T cell 3DO-18.3. This T cell comes from the same fusion 
as 3DO-54.8, responds to I-A? and ovalbumin, but does not 
respond to the 17-residue synthetic peptide!$. This cell mediates 
some energy transfer between I-A and peptide and there was 
competition with excess unlabelled peptide. 

Our results provide compelling evidence that a specific T- 
helper cell stabilizes the proximity of peptide antigen and I-A‘ 
incorporated in a lipid membrane. This result is particularly 


significant in that it was obtained under conditions where a 
physiological response can be demonstrated. The results support 
theoretical models (see ref. 1 for review) of MHC-restricted 
recognition of antigen involving a T-cell receptor-mediated 
association of antigen and class II MHC molecules to within 
distances of the order of 40 À. Without a clonotypic antibody 
against 3DO-54.8 cells we cannot say that the T-cell receptor 
a / B heterodimer (see ref. 17 for review) is responsible for this 
effect. In the absence of cells, no interaction between antigen 
and MHC was detected. Either there is no complex between 
antigen and MHC in the absence of the specific T cell or the 
affinity is too low to measure using this approach for this 
particular antigen/ MHC combination. 

At present we cannot distinguish whether the observed energy 
transfer arises from many antigen-MHC associations at rela- 
tively large distances (40 À) where energy transfer is inefficient 
or whether there are a few associations where the energy transfer 
is efficient. We anticipate that these and other questions can be 
answered by extension of the techniques described here. 
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The protein p53 is capable of participating in neoplastic trans- 
formation"? and can form specific complexes with the large-T 
antigen of simian virus 40 (SV40)^ 5. This interaction probably 
results in the stabilization of p53 (refs 7, 8) and may contribute 
to SV40-mediated transformation?!?, Several non-SV40-trans- 
formed cells also exhibit a stabilized p53 which is present in 
elevated levels'", Recently, this stabilization was shown to 
coincide with the ability to precipitate a polypeptide (p68) of 
relative molecular mass (М,) 68,000—70,000 by anti-p53 mono- 
clonal antibodies", We now report that this co-precipitation 
indeed represents a specific complex between the two proteins; the 
complex sediments on a sucrose gradient as a relatively broad 
peak of 10—14S and can be dissociated in vitro. Furthermore, p68 
is the HSP70 heat shock protein cognate, found in elevated levels 
in a p53-overproducing cell line. On heat-shock treatment of such 
overproducers, p53 also forms a complex with the related highly 
inducible HSP68. 

The present studies used clone 6, a cell line derived by co- 
transformation of rat embryo fibroblasts with murine p53 and 
activated Ha-ras (D. Eliyahu et al, in preparation). In such 
cells, p53 is both overproduced and stabilized (D. Eliyahu et 
al., in preparation). Immunoprecipitation of labelled clone 6 
proteins with anti-p53 monoclonal antibodies (Fig. 1a, lane 2) 
produces a prominent p53 band, along with a co-precipitating 
band of M, ~ 70,000, previously? referred to as p68. The precipi- 
tation of p68 could be explained in one of the following ways: 
(1) p68 is an irrelevant protein accidentally sharing an epitope 
with p53; (2) p68 is a modified more slowly migrating form of 
p53; (3) p68 forms a specific physical association with p53. In 
the first case one would not expect p68 to react with two different 
anti-p53 monoclonal antibodies. However, p68 is brought down 
by both PAb421' and RA3-2C2" antibodies, which bind to 
different domains of the p53 molecule'*? (Fig. 1a, lanes 4, 5). 

To elucidate the relationship between p53 and p68, a labelled 
clone 6 extract was denatured before incubation with anti-p53 
monoclonal antibodies, to dissociate non-covalent complexes. 
This totally abolished the immunoprecipitation of p68 while 
having no effect on the reactivity of p53 (Fig. 1a, lane 3), as 
expected if p68 forms a physical complex with p53 rather than 
reacting directly with the monoclonal antibodies. Finally, ;com- 
parison of the partial proteolytic patterns of p53 and p68” 
showed the patterns to be totally different, demonstrating that 
these are not closely related polypeptides (data not shown). 
Hence, the presence of p68 in the immunoprecipitate can be 
accounted for only if it is in physical association with p53, 
forming part of an anti-p53 reactive complex. 

Figure 1a shows that there seems to be much more p53 than 
p68 in the precipitate, suggesting that only a minor fraction of 
p53 is tightly associated with p68. However, when immu- 
noprecipitated proteins were visualized by Coomassie-blue 
staining (Fig. 15, lane 1), large quantities of p68 were indeed 
seen, consistent with the notion that most of the p53 molecules 
are involved in the interaction. 

The finding of a p53-p68 complex raised the possibility that 
the latter protein is related to the transforming activity of p53. 
It was therefore of interest to characterize p68, and for this, an 
immunoprecipitate of clone 6 cells was subjected to two- 
dimensional electrophoresis. A preliminary experiment (not 
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Fig. 1 Analysis of p53-p68 interaction. а, Immunoprecipitation 
with different antibodies. *°S-labelled proteins were extracted from 
cells of clone 6, derived by transformation of rat embryo fibroblasts 
by p53 plus Ha-ras. Equal amounts of trichloroacetic acid (TCA)- 
insoluble radioactivity (1.4 х 10$ c.p.m.) were reacted with either 
non-immune serum (lane 1) or anti-p53 monoclonal antibody 
PAb421 (lane 2). An identical sample was subjected to heat 
denaturation in reducing conditions? and similarly reacted with 
PAb421 (lane 3). The supernatant (unreacted material) of the 
immunoprecipitate shown in lane 2 was divided in half and incu- 
bated again with either the anti-p53 monoclonal antibody RA3-2C2 
(lane 4) or PAb421 (lane 5). The autoradiograms are shown. 
Numbers on the left denote the sizes and positions of co-elec- 
trophoresed M, markers. p53ms, mouse p53; p53r, endogenous rat 
p33. b, Comparison of stained and radiolabelled p53 and p68. A 
radiolabelled extract of clone 6, derived from one-quarter of a 
90-mm dish, was reacted with PAb421 and the reacting polypep- 
tides were resolved on a 12.5% SDS-polyacrylamide Bel. The 
Coomassie blue-stained gel section (lane 1) and the autoradiogram 
of the same section (lane 2) are shown. Autoradiography was 
performed without prior fluorography. 

Methods. Clone 6 is a cell line established from a transformed 
focus generated by co-transformation of rat embryo fibroblasts 
with activated Ha-ras and the p53-specific plasmid pLTRp53cG 
(refs 1, 26 and D. Eliyahu et al., in preparation). For the experiment 
shown in a, a confluent 60-mm dish was labelled with 50 aCi 
*5S-methionine for 3h and extracts were prepared and analysed 
by immunoprecipitation followed by SDS-polyacrylamide gel 
analysis and autoradiography as previously described??. The 
aliquot analysed in lane 3 was first made 5% in 8-mercaptoethanol 
and 0.5% in SDS, heated to 100°C for 5 min, cleared at 12,500g 
for 10 min and the supernatant was taken for immunoprecipitation. 
For experiment b, the material to be analysed was derived from 
one-quarter of a 90-mm dish, labelled with 50 aCi of ?5S-meth- 

ionine for 3 h. Other details were as for a. 


shown) revealed that the position of p68 coincided with that of 
an abundant cellular polypeptide, migrating similarly to the 
~70,000-M, rodent heat shock proteins (HSPs). Furthermore, 
at least in one system, two polypeptides of M, ~68,000 and 
~70,000 co-precipitated with p53'°, reminiscent of the HSP 
doublet reported in various mammalian species?'7*, To deter- 
mine the relationship between p68 and HSPs, clone 6 cells were 
subjected to brief periods of hyperthermia”, followed by radio- 
labelling and protein analysis. A similar treatment was perfor- 
med on Rat-1 established rat fibroblasts?, which produce low 
amounts of p53”°. As Fig. 2 shows, p68 indeed co-migrated with 
a major НӘР, the semi-inducible HSP70. Moreover, on increased 
hyperthermia, increasing amounts of a slightly faster-migrating 
polypeptide became prominent in the immunoprecipitate. This 
polypeptide co-migrated exactly with the highly inducible 
HSP68. Both polypeptides were absent from immunoprecipi- 
tates of denatured samples (data not shown), indicating that 
this second protein also complexed with p53. Neither of the 
two ~70,000-M, bands was convincingly detectable in 
immunoprecipitates of heat-shocked Rat-1 cells, although the 
existence of minute amounts of the complex with p53 could not 
be excluded (data not shown). To confirm the identity between 
p68 and HSP70, immunoprecipitates were resolved on two- 
dimensional gels and compared with total extracts from cells 
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Fig.2 Analysis of p53 co-precipitating proteins following heat 
shock. Non-transformed Rat-1 cells (a) or clone 6 cells (b) were 
subjected to increasing temperatures followed by radiolabelling 
and extraction. Equal amounts of TCA-insoluble radioactivity 
(31,000 c.p.m.) were analysed directly by gel electrophoresis (lanes 
1-4). Parallel but larger aliquots (7.2x 10? c.p.m.) were reacted 
with either non-immune serum (lanes 5, 7, 9, 11) or anti-p53 
monoclonal antibody PAb421 (lanes 6, 8, 10, 12). Hyperthermia 
was performed at the following temperatures: 37 *C (lanes 1, 5, 
6), 44°C (lanes 2, 7, 8), 45°C (lanes 3, 9, 10) or 46°C (lanes 4, 
11, 12). The positions of the major rat heat-shock proteins HSP70 
and HSP68 are indicated. 

Methods. Subconfluent 60-mm dishes of either Rat-1?* or clone 6 
cells were pre-starved for 45 min in non-radioactive methionine- 
free medium. For the last 10 min of this period, the dishes were 
subjected to hyperthermia as described previously”. Incubation 
was then resumed at 37°C for 4h in methionine-free medium 
containing either 30 pCi (37-45 °C dishes) or 60 Ci (46 °C dish) 
of "S-methionine. Extracts were prepared as described previously 
and small aliquots analysed directly by SDS-polyacrylamide gel 
electrophoresis. Most of the extracts were used for immunoprecipi- 

tation and analysed as for Fig. 1. 


either exposed to hyperthermia or kept at 37 °С (Fig. 3). The 
pertinent heat-shock proteins are most easily identified in total 
extracts from Rat-1 cells (Fig. 3e, f): HSP70 is easily detectable 
at 37°C but is several-fold overproduced at 46°C, whereas 
HSP68 is seen only after hyperthermia. On the other hand, clone 
6 shows hardly any increase in HSP70 after heat shock (Fig. 2, 
Fig. 3c, d), while HSP68 displays the same pattern as in Rat-1. 
Most importantly, comparison of the total cell extracts with the 
immunoprecipitates reveals that p68 indeed co-migrates pre- 
cisely with HSP70, while the other polypeptide corresponds to 
HSP68. This is shown most clearly in Fig.3g, in which an 
immunoprecipitate was mixed and co-electrophoresed with a 
small amount of total cell extract, to allow a better alignment 
of the co-precipitating polypeptides with the HSPs. 

To characterize the complex better, a clone 6 extract was 
subjected to sucrose gradient sedimentation (Fig. 4). While most 
cellular proteins were in monomeric form (fractions 20-23), 
there was hardly any monomeric p53. Rather, p53 was found 
in oligomers sedimenting as a relatively broad peak of 10-145, 
with a small proportion of larger complexes. HSP70 was clearly 


Fig.3 Two-dimensional polyacrylamide gel a 
comparison of heat shock proteins and p53-co- 
precipitating polypeptides. Clone 6 and Rat-1 
cells were either maintained at 37°C (a, ¢, e) or 
exposed to 46°C for 10 min (Б, d, f, g). Clone 6 
lysates containing equal amounts of acid- 
insoluble radioactivity (2x10°c.p.m.) were P53 
immunoprecipitated with monoclonal antibody 
PAb421 and analysed by two-dimensional gel 
electrophoresis (a, b). Aliquots of the radiolabel- " b 
led total cell extracts (3.7 x 105 c.p.m.) were also 
taken directly for a similar analysis. c-Clone 6, 


% 
37°С; d, clone 6, 46 °C; е, Rat-1, 37°C; f, Rat-1, ' i 


46°C; g, a mixture of an immunoprecipitate iden- 
tical to that in b with an aliquot of unprocessed P53 
clone 6, 46 °C lysate (similar to that shown in d 
but representing only 35,000 acid-insoluble 
c.p.m.). Upward-pointing arrow, HSP68; down- 
ward-pointing arrow, HSP70; a, actin; t,, a- 


tubulin; t, 8-tubulin; v, vimentin. Direction of migration in the first dimension 
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associated with p53 throughout the gradient, and the ratio 
between the two polypeptides appeared to be constant. ! 'nlil.e 
p53, a substantial fraction of HSP70 was in monomers or low- Af 
oligomers (Fig. 4b). 

In conclusion, p53 can associate specifically with at lez t two 
rat HSPs, HSP68 and HSP70. A similar interaction seems to 
exist in transformed mouse cells that overproduce р52 because 
of a naturally occurring event rather than to in vitro transfec- 
tion'^^. It is therefore plausible that this complex is of physio 
logical importance and may even be related to the transformation 
process. 

One obvious concern is that the p53-HSP70 complex may be 
an extraction artefact. Although this is hard to disprove. the 
inability to detect a comparable complex in heat-shocked Rat-1 
cells (data not shown) strongly militates against it. Interestingly. 
a specific association has also been shown between another heat 
shock protein, HSP90, and pp60** (ref. 27). It is tempurg to 
speculate that this is not mere coincidence, but rather may гечесі 
a more general involvement of HSPs in the regulation of cell 
proliferation. 
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(isoelectric focusing) was from left to right. Numbers on the right of g indicate 


the positions and sizes (x10?) of co-electrophoresed protein M, markers. 

Methods. Cells were labelled and processed as described in Fig. 2 legend. Samples , 
to be analysed were made 9.5 M in urea and 2% in B-mercaptoethanol and ы 
subjected to two-dimensional gel electrophoresis according to O'Farrell et al?6. 
The first dimension used isoelectrofocusing in the presence of 296 ampholites 
(1.6% pH 5.0-7.0, 0.4% pH 3.5-10.0). The second dimension was an 8% 


SDS-polyacrylamide gel. 
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Fig. 4 Co-sedimentation of p53 and HSP70 on a sucrose gradient. 
A labelled cellular extract was fractionated on a sucrose gradient 
and each fraction was assayed for the presence of p53 and co- 
precipitating HSP70. a, Polypeptides immunoprecipitated with an 
anti-p53 monoclonal antibody. Fraction numbers are shown at the 
bottom; the positions of ribosomal RNA markers, sedimented in 
a parallel tube, are shown on top. T represents the proteins precipi- 
tated from an aliquot of the total (unfractionated) extract by either 
control (C) or anti-p53 monoclonal antibodies (D. b, Elec- 
trophoretic pattern of aliquots of each fraction subjected directly 
to gel analysis. The identification of HSP70 and p53 is tentative. 
Note that fractions 19-23 were electrophoresed on a separate gel 
and that the migration distances of individual polypeptides differed 
slightly between the two gels; we attempted to align the gels at the 
tentative position of the p53 band. The bands migrating ahead of 
p53 probably represent proteolytic cleavage products of this.pro- 
tein, present in yariable quantities in different experiments and 
‘generated at least in part during the immunoprecipitation process??. 
Methods. A 60-mm dish of clone 6 cells was labelled at 37 °C with 
200 pCi *°S-methionine for 4h, extracted (see Fig: 1 legend) and 
sedimented through a 4.7-ml 5-20% (w/v) sucrose gradient con- 
‘taining 0.14 M NaCl, 10 mM Tris-Cl pH 8, 10 mM dithiothreitol, 
1% aprotinin and 300 нр ші”! phenylmethylsulphonyl fluoride, 
including a 0.4-ml 6096 sucrose pad. Sedimentation was in a 
| Beckman SW 50:1 rotor at 48,000 r.p.m. for 3h at 4°C. Fractions 
_ (0.21 ml, 23 fractions per gradient) were collected from the bottom 
' of the tube following puncturing with a needle. Fraction.1 rep- 
‘resents the fastest-sedimenting material. Aliquots (10 pl) were 
mixed with sample buffer and directly analysed on a 12.5% SDS- 
polyacrylamide gel (b). The rest of the material underwent 
immunoprecipitation with monoclonal antibody PAb421 and was 
: analysed similarly (b). Rat rRNA was sedimented through a 
; parallel gradient and the positions of the respective size species 
' détermined using a spectrophotometer and confirmed by elec- 
trophoresis on a formaldehyde-agarose gel. Autoradiographic 
exposure time for both а and b was L5h. `, ° ` 


We have been unable to detect similar complexes convincingly 
in normal cells. In heat-induced cells both these HSPs are 
predominantly nuclear^*^*. If a nuclear site is necessary for the 
specific association, the apparent absence of p53 from nuclei of 
normal cells? may account for the inability of a complex to 
'form. The nuclear accumulation of p53 in a variety of trans- 
formed cells? may thus lead to complex formation. Alterna- 
tively, the association between p53 and HSP70 may be a normal 
process, except that in such conditions the complex is very 
‘unstable and accumulates only in abnormal situations. Such 
abnormal conditions might simply be the overproduction of 
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p53, or structural changes in either HSP70 or p53 resulting in 
a more stable complex. The latter may pertain to Meth A cells, 


. Which contain strongly elevated p53 levels while possessing only 


twice the amount of the corresponding messenger RNA’. Such 
cells exhibit a p53-HSP70 complex'™!5, and a relatively stable 
p53'?5, and indeed seem to carry a mutated p53 gene encoding 
an altered protein product”. It is not known whether this mutant 
p53 has a higher affinity for HSP70. . 4275 

Stabilization of p53 in transformed cells may involve complex 
formation with HSP70, although it is equally conceivable that 
accumulation of the complex may in fact be a consequence of 
the stabilization. In this respect, the SV40 large-T antigen coüld 
be mimicking the action of a normal cellular protein, HSP70. 

This is also suggested by studies using the expression of mouse 
p53 in SV40-transformed: monkey COS cells? where anti-p53 
monoclonal antibodies brought down both complexed large-T 
antigen and a —70,000- M, doublet, presumably HSP68 'and 
HSP70. However, antibodies to SV40 làrge-T antigen efficiently 
co-precipitated only p53, with very little evideríce for HSPs, 
suggesting that HSP70 and large-T antigen may be competing 
for the same or very close sites on the p53 molecule. Other 
similarities exist between HSP70 and the SV40 large-T antigen. 
Aside from having a nuclear affinity”?! both proteins, are 
able to bind ATP^*?', The SV40 large-T: antigen possesses 
ATPase activity", and although no activity ћаѕ been demon- 
strated for HSP70™, it is exhibited by the structurally related 
Escherichia coli DNA K protein????; Interestingly, this bacterial 
protein is involved in the replication of bacteriophage DNA”, 
as is large-T antigen in the replication of SV40?!. Finally, clone 
6 possesses a markedly elevated level of HSP70 without heat 
induction. The relationship between this apparent overproduc- 
tion of HSP70 and the specific oncogenes activated in clone 6 
remains unknown. - ТОЕ , 

- The data presented here raise the possibility that HSP70 is 
involved in cell proliferation, which is in keeping with the 
apparent cell-cycle-dependent expression of the human hsp70 
gene(s)"*. However, the significance of these findings cán only 
be assessed when more is known about the molecülar functions 
of HSP70. HK. ИС ыды 
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Product of per locus of Drosophila 
shares homology with proteoglycans 


F. Rob Jackson*, Thaddeus A. Bargiello, 
Suk-Hyeon Yun & Michael W. Youngt 


The Rockefeller University, 1230 York Avenue, New York, 
New York 10021, USA 


Genes controlling biological rhythms have been identified in 
Drosophila’, The best characterized of these genes is called period 
(per). Although wild-type flies have daily (circadian) rhythms with 
a periodicity of ~24 h, per? and per! mutants have 19-h and 29-h 
rhythms, respectively, and per? mutants are arrhythmic’. The рег” 
mutation also enhances the sensitivity of the circadian clock to 
resetting by light stimuli?, and all three types of per mutations 
affect a much shorter period ultradian rhythm, the 55-s rhythm 
of the Drosophila courtship song“. A fragment of DNA of ~7 
kilobases (kb) encoding a 4.5-kb poly(A)* RNA restores rhyth- 
micity when transduced into Drosophila carrying mutations*5 or 
chromosomal deletions’ of the per locus. Here we report the 
sequence of this biologically active segment of DNA. The transcrip- 
tion unit that encodes the 4.5-kb RNA has been mapped, permitting 
a conceptual translation of a protein of 1,127 amino acids. Several 
abnormal phenotypes characterized by long-period rhythms are 
associated with changes in the sequence of untranslated portions 
of the transcription unit. The structure of some segments of the 
predicted protein suggests that it is a proteoglycan. 

The structure of the 4.5-kb transcript was analysed by ribonu- 
clease mapping of a series of RNA/RNA heteroduplexes. For 
each experiment, RNA complementary to a predetermined 
region of the 4.5-kb transcript was synthesized in vitro from a 
corresponding DNA segment of known sequence, cloned in 
pSP64 or pSP65 (ref. 7). Heteroduplexes were digested with 
RNase T, or a combination of RNase T, and RNase A, and 
resistant material was denatured and size-separated on acryl- 
amide sequencing gels. Figure 1 shows the structures of most 
of the synthetic RNAs used to map the 4.5-kb transcript. Figure 
2a-d shows the results of several of the mapping experiments. 

To confirm the proposed structure of the 5' RNA coding 
region, two primer extension experiments were performed. The 
sequences of the two chemically synthesized primers, РІ and 
P2, are shown in Fig. 1. P1 corresponds to a DNA sequence 
that begins in RNA coding region 1, 81 base pairs (bp) from 
the putative 5' terminus, and P2 includes a sequence that starts 
in coding region 1, 167 bp from this expected terminus. Both 
primer extension experiments map the 5' end of the transcription 
unit to position 179 of Fig.l. The result of the P1 primer 
extension experiment is shown in Fig. 2e. 

Complementary DNA clones were produced by oligo(dT) 
priming of total adult poly(A)* RNA as described in Fig.3 
legend. A 1.7-kb cDNA chosen for sequence analysis includes 
a poly(A) segment at its 3' terminus, allowing the 3’ end of the 
transcription unit and a polyadenylation signal (position 7,370) 
to be identified (see Fig. 3, and legend). The cDNA contains 
most of coding region 5, beginning at position 5,524 of Fig. 3, 
and all of coding regions 6-8, as indicated at the top of Fig. 1. 





* Present address: Worcester Foundation for Experimental Biology, 222 Maple Avenue, 
Shrewsbury, Massachusetts 01545, USA. 
t To whom reprint requests should be addressed. 
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Fig. 1 Transcription map of the per locus. The structures of the 
restriction fragments cloned in pSP64 or pSP65 Riboprobe vectors 
(Promega Biotec) are indicated in the bottom half of the figure. 
For each fragment, ??P-labelled, single-stranded RNA was synthe- 
sized from plasmid DNA after digestion with the restriction enzyme 
used to form the left end of each region depicted. Synthetic RNAs 
al-12 extend leftward from a HindIII site, while b1-7, c1-5 and 
d1-3 extend leftward from EcoRI, PstI and PvuII sites, respec- 
tively. P1 and P2 represent the sequences and locations оп the 
transcription unit of two primers used to map the transcription 
start site. The positions of transcription initiation (179) and termi- 
nation (7,396) and of translation initiation (AUG) and termination 
(UGA) are indicated. For the restriction map in the centre of the 
figure, H = HindIII, R= EcoRI, X= Xbal, S= Sall and B= 
BamHI. 


A comparison of this cDNA sequence with that of cloned 
genomic per DNA (presented below) has allowed us to locate 
several splice junctions, all of which agree with those established 
by ribonuclease mapping experiments. The cDNA sequence 
contains a single open reading frame that encodes 391 amino 
acids. 

Figure 3 shows the DNA sequence of the interval containing 
the transcription unit that encodes the 4.5-kb per RNA. The 
length of the transcription unit is 7.217 kb. Also shown in Fig. 3 
are the boundaries of the eight RNA coding regions which form 
the 4.5-kb messenger RNA. For those coding regions located 
only by ribonuclease mapping, splice junctions are predicted 
according to the consensus sequence rules of Mount®. The 
predicted size of the mRNA encoded by this transcription unit 
(minus a poly(A) tail) is 4.290 kb; this is in good agreement 
with a size of 4.5 kb determined previously by comparison with 
DNA and RNA size standards after electrophoresis of poly(A)’ 
RNA оп formaldehyde/agarose gels”?°. 

Figure 3 shows a conceptual translation of the spliced mRNA. 
Accordingly, RNA coding region 1 is not translatable. Transla- 
tion is initiated near the beginning of RNA coding region 2, 
2.909 kb from the beginning of the transcription unit (position 
3,088; see also map in Fig. 1). All open reading frames are 
blocked upstream of this position. Translation could be initiated 
at the methionine codon at position 3,050 but a protein beginning 
at this position would be terminated 39 bp downstream (position 
3,089). Translation of the predicted per protein terminates near 
the beginning of coding region 8 (position 6,891), so that 505 
untranslated bases are found at the 3’ end of the mRNA. The 
predicted per protein contains 1,127 amino acids. 

A sequence analysis of the per locus allows a better under- 
standing of a number of irregular clock phenotypes. A transcrip- 
tion study has been reported previously for several per locus 
mutations?'?, Among these was a mutation associated with a 
chromosome translocation, T(1; 4)JC43. Flies carrying this 
mutation have long-period rhythms (35 h), or can be arrhyth- 
тіс!!12, The 4.5-kb per transcript is absent in T(1; 4)JC43 flies, 
but a new transcript, of 11.5 kb, is synthesized in its place*!°. 
Previous studies mapped the breakpoint of the translocation to 





186 LETTERSTO NATURE 


Fig.2 Mapping of per RNA coding regions. 
Labels at tops of panels a-d referto transcribed 
segments depicted in Fig. 1. ??P-labelled syn- 
thetic RNAs were transcribed from regions of 
cloned per DNA as described in Fig. 1 legend, 
then hybridized to 5-10 wg of total poly(A)* 
RNA from Oregon R adults at 45 °C for 8-12h "085 

(56?C for а1-12), and heteroduplexes were -0 684 
digested with ribonucleases (RNase T5, 50- 

100 Um!“ or RNase А and T, 100 ug ті" 

and 10 U mI?) at 37 °C for 1 h. Protected frag- = e 0428 
ments were denatured in formamide and separ- ~~ 20353 
ated on acrylamide gels as indicated in the text. 
Numbers indicate sizes (in kb) of ribonuclease- 
resistant RNA measured against single- 
stranded RNAs of known length transcribed 
from Riboprobe vectors. Superscripts to these 
numbers in a indicate the RNA coding region. 5 
Three fragments, of 0.32, 0.18 and 0.11 kb, are "9.14 

protected with synthetic RNAs b1 and сі (d, 
lane 3 shows the results with cl); this seems to 
indicate that three RNA coding regions map to 
this interval. The two smaller fragments must 


~~ 0238 


a 
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be generated by secondary ribonuclease cleavage of the 0.32-kb fragment. RNA d1 (d, lane 2) protects all of the 0.11-kb region, but only part 
of the 0.32-kb region (0.30 kb) and part of the 0.18-kb region (0.16 kb). As both of the latter two regions are reduced to the same extent, they 
must end at the same position, about 20 bp to the right of the PoulI site used to construct 41. This experiment also indicates that the 0.18-kb 
region is co-extensive with the right half of the 0.32-kb region. The 5’ end of the 0.32-kb coding region must lie 0.30 kb to the left of the PvuII 
site. RNA d2 protects most (0.085 kb) of the 0.11-kb region. The 5’ end of the region, which is not protected, is therefore located ~25 bp to 
the left of a Sall site used to form RNA 42; this is 0.30 kb to the left of the Puull site used to map the boundaries of the 0.32-kb coding 
region above. As the 5' end of the 0.32-kb coding region is also 0.30 kb to the left of this PrulI site, both regions begin at the same position 
and are co-extensive for 0.11 kb. The site of secondary cleavage proposed for the 0.32-kb coding region is composed of 18 consecutive A-T 
base pairs (see also Fig. 3). This sequence probably forms a hypersensitive substrate for the ribonucleases used in this mapping procedure. 
For e, ?P-end-labelled primers (1-5 ng) were hybridized with total poly(A)* RNA (10 нг) for 2-4 h at 42 °С and extended for 1 h with avian 
myeloblastosis virus (AMV) reverse transcriptase (50 U; BRL). DNA sequence ladders were produced by hybridizing the primers to cloned 
per DNA, followed by primer extension according to the dideoxy sequencing method7* 2, 


a BglII/ HindIII fragment". A sequence analysis of the gene 
now allows the boundaries of the affected restriction fragment 
to be mapped to positions 7,217 and 7,234 respectively; this 
places the breakpoint of the translocation within the 3’-untrans- 
lated region of the transcription unit. Approximately 0.17 kb of 
the 4.5-kb mRNA has been exchanged, because of the transloca- 
tion, for about 7 kb of RNA transcribed from chromosome 4 
sequences. Ribonuclease mapping experiments have shown that 
sequences upstream of this breakpoint are spliced in the same 
way as wild-type 4.5-kb RNA (T.A.B., unpublished results). 
Presumably, 7(1; 4)/C43 flies can still produce biological 
rhythms because a full-length per protein can be translated from 
the 11.5-kb fusion transcript. 

Long-period rhythms are also generated by some transformed 
flies^5. In one study an attempt was made to construct transfor- 
mants with a complete per transcription unit^. It is now apparent 
that these flies received DNA lacking 157 bp of the 3'-untrans- 
lated region. А 4.5-kb RNA is still produced by these long-period 
transformants, but at levels much lower than those found in 
wild-type flies?. The transcripts must terminate in vector se- 
quences used to generate the transforming DNA. 

In a second transformation study$, long-period rhythms were 
produced in flies transformed with DNA lacking sequences at 
the 5’ end of the per transcription unit. From the sequence data 
presented here, these flies must lack the 5’-untranslated RNA 
coding region, but still retain all of the protein-coding sequence. 
Thus, if transcripts are produced by this DNA, a wild-type per 
protein would still be the expected translation product. 

Thus, several long-period phenotypes can be associated with 
changes in the per transcription unit. In each case the change 
in DNA sequence fails to affect the structure of the per protein. 
Therefore, these long-period rhythms are probably generated 
by altered regulation of per protein synthesis. 

Nearly half of the predicted per protein (47%) is composed 
of the five amino acids serine, threonine, glycine, alanine and 
proline, and these often form simple sequence tracts. For 
example, polyalanine and polyglycine tracts up to 17 residues 
long are found at positions 160, 801, 909 and 938. Given this 


predominance of a small group of uncharged polar and nonpolar 
amino acids, the procedures of Kyte and Doolittle’ and Eisen- 
berg et al!* were used to perform а hydropathicity analysis of 
the protein. The protein contains no clearly hydrophobic 
regions, rather most protein segments have hydrophobicities 
and hydrophobic moment values that are characteristic of 
soluble proteins!^. 

The predicted per protein includes a potential site for phos- 
phorylation by cyclic AMP-dependent protein kinase. This 
amino-acid sequence (Lys-His-Arg-Lys-Leu-Lys-Ser-Met) 
occurs near the carboxy terminus (residues 1,099-1,106) and 
resembles the phosphorylatable site in troponin I from rat skel- 
etal muscle, A synthetic peptide containing this sequence has 
been produced, and it appears to be an efficient substrate for 
phosphorylation in vitro (G. P. Gasic, unpublished). Various 
chemical agents commonly used to alter cyclic nucleotide levels 
induce a phase shift in circadian clocks!9??. Thus, agents that 
affect cyclic nucleotide levels couid alter the phosphorylation 
of a per protein. 

The predicted per protein sequence has been compared with 
all sequences currently available in the Dayhoff and Doolittle 
protein sequence libraries. Using the FASTP computer program 
and the algorithm of Lipman and Pearson!5, we detected exten- 
sive regions of homology to the core protein of a rat chondroitin 
sulphate proteoglycan. The bases for these homologies are the 
alternating Ser-Gly and Thr-Gly repeats of the per protein 
(residues 592-670). DNAs homologous to these unusual protein- 
coding segments have been found in vertebrates’®. The protein 
core of the homologous chondroitin sulphate proteoglycan, 
which is 104 amino acids long, contains 49 strictly alternating 
Ser-Gly residues. This repetitive amino-acid sequence forms a 
substrate for the extensive glycosylation of the core protein". 
A partial analysis of the glycosylated region of a second proteo- 
Blycan, a rat heparin proteoglycan, has shown that it, too, is 
composed of only serine and glycine residues, many or all of 
which must form an alternating repeat”’. Synthetic peptides 
containing alternating Ser-Gly residues behave as substrates for 
glycosyl transferases in vitro”. 
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aagctttgcccaagggttaatgtttgggtcogagtatotcagocgaccagogatttoacogagogactgcga 11 ia P Aadio beu Pro. Pho Lvs Thr Olo Pre: Pre Dl.s che Avg 
EE heel hi dai foto arc Те i ccc ссе GAG стс Gat ccs ccc AAR ACG GAG 222 CCS 792 72 <57 aT 
E&EBEBCttatagaocgzagcttgogatgogagcact АС TOTTCOTOCGAATTTAGAGCCAGAAGGTCGACA 243 588 
ACGCGTTCGTCGCACAGTAGAAAGTATCGCCATATACCAAATAAATCOCAACAACGACCTOTCGAATCACG 2 Бы ise See roi маз ды dy 3 
CARACARACAGCTTCGTTTTTTTTTTTTTAATTTCOACCAGAAACAAACCOTTATTCTTTOOTGCCAGTGT 355 915 таг de тез Заг А ane pe e се Е НЕНА А 
ТАСТОТСААСТСТАТССЛОСТОАСТОАСАТАТАСССАСАСССААЛААСТОАСАССАТААСТСАСАТТССАА 426 са 
ACKOAAGGEAUCADCAGCCTASTCOCAGCUT AATCC CRRAAAAGTGCAGETCGGTGAGAQCGACAGCGASE 497 Gly Gly Sel;01V {Sen Soh-G1y E Ea TRE ТТ teks Bee 
intervening Sequence T (136- CC GCC AGT ААС ATA CAC 72 A22 (0o ^ 
catoocotttooagTO0 CAGCTCCAAATCCCGCCTO AG CGGCAGCCACTCCTCCGGCAGCAGTGGCTATGG 3053 221 GOC AGT GGC TCC TCG GGC AAC TTC АСС АСС G 5 ? 
нес Ile Ile Lys Arg Asn Lys Asp Lys Жк 3 RT as 
Gly Thr Gly Gly Thr Gl; Thr ziy “ar 31 
GOGCAAGCCCTCGACOCAGGCCAGCAGCAGCGAC ATG АТС АТС AAG СОС AAC AAG GAT AAG 3115 заг 451 таг Азд ТАР oer 118 Ma 915 Тг су as з i E aie NT 
10 
642 
Ser Arg Lys Lys Lys Lys Asn Lys Gly Ala Gly Gin Gly Ala Gly Glin Ala Gin БЕ Thr Gly Thr Gly Thr Gly The Gly Thr Giy "ar 325 
TCG CGC AAG AAG AAG AAG AAC ААС GGC GCC GGC CAG GGG GCG OGG CAG GCG САС 3168 таг e The 517. так a n SR Тағ, eae тиг 917, br ae ach 2 ада 
28 
660 
Thr Leu Ile Ser Ala Ser Thr Ser Leu Clu Gly Arg Asp Olu Glu Lys Pro Arg 
Gly Thr Gly Thr Gly Thr Gly Thr V 
Aca CTO ATC TCG GCG TCG АСС AGC СТО GAG OGC AGG GAC GAG GAG AAG CCO COG 3222 таг 637. тар 017 Ack Sak ACT oi ACG 401 АСА Ggt acaggcacaggcacagc-actge 7249 
: CcaoccgocagctostocaasngECERB8aüCcg^^EcCal 532^ 
Pro Ser Gly Thr Gly Cys Val Glu Gin Gin Ile Cys Arg Glu Leu Gln Asp біп ad ae p Et PARARE et nas + area at 500 prs D fie ee ME dat 
CCC AGC GGC ACT GGG TGC GTA GAA CAG CAG ATC TOC COA GAG CTG CAG GAT CAA 3276 m ЕТС ACG CTG АСС GAA TCC CTG GTC AAT AAG САС ААС GAC 2А2 ATG 6372 
64 
686 
Gln His Gly Olu Asp His Ser Glu Pro Gln Ala Ile Glu Gln Leu біп Gin Glu н Leu Lys Lys His Arg Glu Ser Arg Gly Arg Thr Sty 2440 Lys 
ҚАЗ CAD: 040, GAT CAO AOC DAG: CCF CAG OCC ATA OAQ-OAG CTI CAD CAO; OAC 3330 T Ala gh CTG AKG AAG cac cat GAG TCG coe GGA CGC А25 657 i5 AAD 682 
82 
104 
Glu Glu Glu Asp Gin Ser Gly Ser Glu Ser Glu Ala Asp Arg Val Glu Gly Val i шей, OTe TON TORT CS 
GAG GAG GAG GAT CAA TCC GGC TCC GAG TCG GAG GCG GAC CGA GTC GAG OGC GTG 3384 oer 175 тув n ода Aen дар ТАҒ ген дасна цац prb E LM 
100 
22 
Ala Lys Ser Glu Ala Ala Gln Ser Phe Pro Ile Pro Ser Pro Leu Ser Val Thr T алудан An Dy FRE 
GCC AAG TCG GAG GCG GCA CAG AGC TTT CCG ATT CCC TCG CCG CTA TCC GTC ACC 3438 ns 017 ne rya are 417 21) Ser ME fec M aig oly сі ASA AAT 572 Eee Wade 
118 
40 
Ile Val Pro Pro Ser Het Gly Gly Cys Gly Gly Val Gly His Ala Ala Gly Leu m Қ зады ШЫ 
ATT GTC CCG CCC TCG ATG OGC GOC TGC GGC GGA GTG GGC САС GCA ССС GGT CTG 3492 Lya a с1а кен Tur Lee 617 AT dan ale 116 гуз 117 dcs GCA 001 Ace 300 берл 
136 
8 
Asp Ser Gly Leu Ala Lys Phe Asp Lys Thr Trp Glu Ala Gly Pro Gly Lys Leu 75 iy Vaio Ер 
Ue Me вас ino Mure km m epMPUA UE ан аттады саман ша аллы Ec D d MICH RTI Ал даш ас 
155 
Glu Ser Met Thr Gly Val Gly Ala Ala Ala Ala Gly Thr Gly Gln Arg Gly Glu 116 23 ЕТІН 
GAG TCC АТС ACC 000 GTG бас GCA ССО GCG GCG OGC ACT GGG CAO COC 060 САС 3600 ex gu Gly зек Qr Tar ay EP ch 247 ТЕР con En 917 Aot 020 Aca ACI 549 
172 
5 
Arg Val Lys Glu Asp Ser Phe Cys Cys Val Ile Ser Met His Asp Gly Ile Val 79 "A ip 
CM EAM телен ME B шараа 
190 
Leu Tyr Thr Thr Pro Ser Ile Thr Asp Val Leu Gly Tyr Pro Arg Asp Met Trp 812 A3 2 
РАТЫ ЛИДА ТА ДЫН Ы ада Ақы OCA GCA GCG аст 004 aca тес тес TCC 010 GOC AGT TCG ACG FCA Qui Cc. TOC звон 
ten L Asp Arg Ala Thr Phe Al 830 і 
Leu Gly Arg Ser Phe Ile Asp Phe Val His Leu Lys Asp Arg a г е а ` 
CTG OGC AGG TCC TTC ATC GAC TTT GTG CAC CTT AAG GAC CGT GCC ACC TTC OCC 3762 дер II EFS ThE Sis thr ода Asi 11% дэв Leu Тер Era Pro fne ocr Хөг біу js 
226 D T 
Ser Gln Ile Thr Thr 01у Ile Pro Ile Ala Glu Ser Arg Gly Ser Val Pro Lys 848 » 
AQT CAG АТС АСС ACG GGC АТА CCC АТТ GCG GAA TCC AGG GGC AGC GTO CCC AAG 3816 me ТАЕ Pre Еге val ite Sen The is in Ma Het А18 cin i Sen Eng Sur 32 
244 с TT? 
866 
Asp Ala Lys Ser Thr Phe Cys Val Het Leu Arg Arg Tyr Arg Gly Leu Lys Ser 2 
ud MN E E EE ОО а CEP, 
262 Е 
85 
Gly Gly Phe Gly Val Ile Gly Arg Pro Val Ser Tyr Glu Pro Phe Arg Leu Gly 8 » я 
GGC GGA TTC GOC СТС АТС GOC AGG ССС GTC AGC ТАС GAA ССС ТТС CGC CTO GGG 3924 Заг Ree тыг Arg San Eno Are Het Ha Lys Mas Iro my гуз e any Tu Aer ТЕ 
280 c SC" ACT 
02 
Leu Thr Phe Arg Glu Ala Pro Glu Glu Ala Arg Pro Asp Asn Tyr Met Val Ser E . 
CTC ACC TTC AGG GAG GCT CCG GAG GAG GCG CGA CCG GAC AAC TAC ATO GTC TCC 3978 Aoc pei: Re таг бег RA біл 414 Ms Mc Ms Ma Da aan 418 vet Pro n p 
298 Te 22:62 
20 
Asn Gly Thr Asn Met Lau Leu Val Ile Cys Ala Thr Pro Ile Lys Ser Ser Tyr 9 e a 
нана аа ата e o0 tie aah 2 7 
316 2 
938 
Lys Y Ae 
Ala Ala Ala Ala Ala Thr Ala Met Met Туг Gln Pro Met Pro Pre Pro Sly Mot 
AAG Ggt gagtatctgtgoacogttttggtttoatcoagccatotaaccatogatototgcecooccca 4099 ti 
al Pro Asp Glu Ile Leu Ser Gln Lys Ser Pro Lys Phe Ala Ile Arg His Thr 600 GCG асс GCG GCC ACG GCC ATG ATG ТАС CAG CCG ATG ССС ТТТ CCG GGA ATO 6182 
ЕТТ CCC GAC GAG ATT CTC TCA CAG AAG AGC CCC AAG TTC GCC ATA CGC CAC ACG 4153 1:9 Ass Aia Lau Glü Ile; Pro арысты Len oxy Елік Sor IS Sy Ойы 
335 
Ala Thr Gly Ile Ile Ser His Val Asp Ser Ala Ala Val Ser Ala Leu Gly Tyr GCC AAC ССТ СТС CAG АТТ ССС GAA CGT CCG TTG ССС TCC САА ТСС GCG ТАС ААС 6236 
GCC АСС 000 АТС АТА TCG САС GTG GAC AGC GCG GCG GTC AGT GCA CTG ССС ТАТ 4207 Lis MC UH 
353 è 
Leu Pro 010 Asp Leu Ile Gly Arg Ser Ile Met Asp Phe Tyr His His Glu Asp AAG TCG GTG TAC ACG EET CAR PRO ART EE A E 6302 
CTG CCG CAG GAC CTG ATT GGC CGC AGC ATC ATG GAC TTC TAC CAC CAC GAG GAC 4261 Ете Thr Thr prid ALG HELP HEAT ANE 
371 
Leu Ser Val Met Lys Glu Thr Tyr Glu Thr Val Met Lys Lys Gly Gln Thr Ala 991 3 P 
CTC TCA GTC ATG AAG GAG АСС TAC GAG ACG GTA АТС ААО AAG GGT CAG ACG GCG 4315 ала T 815 таг Men ТАГ таг ЕГО Mi ola vel Qn Are rea s Ser 512 RA i 
389 c 
009 
Gly Ala Ser Phe Cys Ser Lys Pro Tyr Arg Phe Leu Ile Gin Asn Gly Cys Tyr 1 . 
Be Pen ООА ы бына ааа, GCA TCC GTC AAG ACG GAG GCG OGG TCG AOT GEA CCO ORA POS Аза DOO aoe SED enes 
407 T CCcC T 
Val Leu Leu Glu Thr Glu Trp Thr Ser Phe Val Asn Pro Trp Ser Arg Lys Leu 1027 . 
GTC СТТ CTG GAG АСС GAA TGG ACC AGC TTC GTC AAT CCA ТАС ТСС CGC AAG CTO 4823 irs 919 ra Еге Аар Ser Ser re 118 rre Sen var нек my Asr Iyn n sen diis 
425 Е тсс 
055 
Olu Phe Val Val Gly His His Arg Val Phe Gln G 1 
т Ala Asn Asn Lys 
GAA ТТТ GTC GTC GGA САС САТ ССС GTC ТТТ CAG Get gagttcgogtgccgacccagtga 4482 Aap Pro Pro Cys Ser Ser Ser Asn Pro Ai 
ly Pro Lys біп Cys Asn Val Phe GAC CCG CCC TOC AGC AGC AGC AAT CCC GCC AAC AAC sac ave tectataaguar sag 6576 
Posada tgecsovevasacaggrcatttcasertoca ЕСА CCC AAG CAG TGC AAC GTC TTC 5542 кебе tea снае аас а саваар аваад ва еа це ах РЯ ТУЕ таг оаа 
Glu Ala Ala Pro Thr Cys Lys Leu Lys Ile Ser Glu Glu Ala Gln Ser Arg Asn 1064 
GAG GCG GCG ССС АСА TGT AAG СТС AAG АТА TCG САС GAG GCA CAG AGC ССС AAC 1596 613 Аа Зек Хар дар Net ub 927 oer Ser Tha Ser 3er Phe n 3er Ser ene КТ 
462 TAC 7 TOC tt 
Thr Arg Ile Lys Glu Asp Ile Val Lys Arg Leu Ala Glu Thr Val Ser Arg Pro 1082 
ACG CGA АТС AAG GAG GAT АТС GTG AAG CGC CTG OCG GAG ACG GTG TCC ССТ ССС 4650 214 руа Тағ ТАҒ дар ey дег 91% бек Pro Pre AP Tur HS Lys asp Bre ye isi) 
480 2 с ecc S 
Ser Азр Thr Val Lys Gln Glu Val Ser Arg Arg Cys Gln Ala Leu Ala Ser Phe "n ù i М 
CAG GAG GTT TCC CGC CGC TGC CAG GCG CTG GCC АСС TTC 4704 a Arg Lys Leu Lys 
200 PARARE ETE AMI: CAS : CAC ССА AAG CTG AAG £tacgtacagttcagtocacgatgogattcaaagtaagccattteegttct 6Ғ14 
Сід flu 
Het Glu Thr Leu Met Asp Glu Val Ser Arg Ala Asp Leu Lys Leu Glu Leu Pro Ser Met Ser Thr Ser Glu Ser Lys Ile Met Glu His Pro Gla flu 
ATG GAA ACG СТС ATG GAC GAG OTG TCC CGO GCG GAT CTC AAG СТО GAG СТО CCO 4758 1120/45 AGC ATG AGC ACA TCT GAG AGC AAG АТС АТС GAG САС CCG SAS 7А2 5866 
516 
8 1 Met Leu біу біз Ile Asp біп Thr біп His Gly Asp Gly AM AM 
c 045 Aig aaa te ace i io au Em tan rey ire ATO стс ccc GAG АТТ 5812 GAC CAG ACA САС САС GGG САТ GGG TAG ТАС ССАСАССССОСАСТТОСТ2С?2АСС2АС272АС 6921 
534 ACAACCGAGTGCACAATG TCG ATCCCTGGGACG ATCCO AGCAGCAGACACCGAGGAGCASCAGGGTCCTSO 6998 
Ser Pro His His Asp Tyr Tyr Asp Ser Lys Ser Ser Thr Glu Thr Pro Pro Ser ARACGAGTOAGCAATTOCCTCCGGTCTGGOCACCGAGCACCAGCCAGTCCCACCAGTTCOCCCTATTOCTA 7069 
TCG CCG САС САС GAC ТАС ТАТ GAC AGT AAG АСТ TCC АСС GAO ACO CCG CCC AGC 4866 АСТСССССТТССАТТСССТТСААСТТСТТССААТСААССССААСССАТСССТССОАТОТГАССАТТСАСТА 7140 
552 TCCG AACAAG TAACG AAAG CATCAG ACAAACTG ACO TGGGAGGATGCCCAGAACCCATGCAAGCCOAGS AT 721! 
Tyr Asn Gln Leu Asn Tyr Asn Glu Asn Leu Leu Arg Phe Phe Asn Ser Lys Pro AATGTAG ATCTCAAGCCAAGCAAAGCTTTTAGATGATATCTATCCTATGTTTAATCAGAATATTAAGTSAA 7282 
TAC AAC CAG CTA AAC TAT AAC GAG AAC CTG CTG CGT TTT TTC AAC AGC AAG CCG 4920 TTOAARAACTAGAGTOGTTCGAACATCGAAGCACCCTTCTCAGCCCTAAGGTTTATATATCCGAATCTTT^T 7353 
TAOTTATTTATTOTACAATAAATATCGAAAAGCCAACGCCCACncotggoctagttgtttoaategnagat 7428 
&gattggatttagctgoaattaggtagtttaatoagtaattagcasgttagaccagactttgt 7487 


Fig. 3 Sequence of genomic per DNA. Тһе DNA sequence begins at coordinate 0 of the Fig. 1 map (a HindIII recognition sequence), and ends 91 bp downstream 
of the site of poly(A) addition, at coordinate 7,396. mRNA coding regions are indicated by upper case letters; intervening sequences, and 5' and 3' non-transcribed 
DNA, are indicated by lower case letters. A conceptual translation of the per protein is given above the DNA sequence, with gaps in the amino-acid sequence 
corresponding to the locations of intervening sequences. (The complete sequence of intervening sequence 1 is available from the authors on request.) Methods. 
Genomic DNA fragments were sequenced using the dideoxy method^^?5, Fragments suitable for shotgun sequencing were generated by digesting Canton S, per 
locus DNA with one of four restriction enzymes, each of which cleaves a 4-bp recognition sequence (Sau3A, Alul, FnudII and RsaI). These smaller fragments 
were randomly subcloned in M13 (mp18 or mp19), and the database of sequences obtained was assembled into longer contiguous DNA sequences using the 
programs of Staden”®. Gaps in the complete sequence of the genomic DNA were resolved by cloning selected subregions and generating ordered sets of overlapping 
deletions according to the method of Dale et а127, 27 kb of DNA was sequenced to generate the complete sequence for both strands of per. Thus, each base was 
read twice on average. cDNA libraries were constructed from 1-2 ке of poly(A)* RNA isolated from adult Canton S Drosophila melanogaster. RNA was annealed 
to oligo(dT) primers which were elongated with AMV reverse transcriptase. Second-strand synthesis was done using the Klenow fragment of Escherichia coli DNA 
polymerase. The product was digested with S, nuclease, ends were repaired with DNA polymerase, and DNA was modified with EcoRI methylase. Synthetic 
EcoRI linkers were ligated, cut with EcoRI, and DNA fragments were size-selected on Bio-Gel A15 (Bio-Rad). DNA was cloned in Agt10. The EcoRI fragment 
from one per-homologous clone was ligated to M13mp18. Processive deletions were produced", and the complete DNA sequence was obtained by conventional 
methods ^^. 
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Whereas serines are glycosylated in the Ser-Gly repeats of 
the two naturally occurring proteoglycans described above, 
threonine is glycosylated in other proteoglycans that are only 
just beginning to be characterized? The modification of proteo- 
glycans containing Ser-Gly repeats occurs through an O- 
glycosylation of serine. Aside from serine, only threonine can 
be modified in this way”. Thus, both of the unusual Ser-Gly 
and Thr-Gly repeat tracts in the per protein might serve as sites 
for glycosylation. 

Although relatively little is known about the function of 
proteoglycans, their distribution has been well studied; they are 
found in extracellular locations or in association with cell sur- 
faces. Given the similarities between per protein and known 
proteoglycans, this is where we would expect to find this clock 
protein and perhaps other components of the biological clock 
that it controls. 
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The sodium channel is a voltage-gated ionic channel essential for 
the generation of action potentials. It has been reported that 
the sodium channels purified from the electric organ of Elec- 
trophorus electricus (electric eel)** and from chick cardiac muscle® 
consist of a single polypeptide of relative molecular mass (M,) 
~260,000 (260K), whereas those purified from rat brain’ and 
skeletal muscle? contain, in addition to the large polypeptide, two 
or three smaller polypeptides of M, 37—45K. Recently, we have 
elucidated the primary structure of the Electrophorus sodium 
channel by cloning and sequencing the DNA complementary to 
its messenger RNA’. Despite the apparent homogeneity of the 
purified sodium channel preparations, several types of tetrodotoxin 
(or saxitoxin) binding sites or sodium currents have been observed 
іп many excitable membranes!*-??, The occurrence of distinguish- 
able populations of sodium channels may be attributable to 
different states of the same channel protein or to distinct channel 
proteins. We have now isolated complementary DNA clones derived 
from two distinct rat brain mRNAs encoding sodium channel large 
polypeptides and present here the complete amino-acid sequences 
of the two polypeptides (designated sodium channels I and II), as 
deduced from the cDNA sequences. A partial DNA sequence 
complementary to a third homologous mRNA from rat brain has 
also been cloned. 

Figure 1 shows the nucleotide sequences of the cloned cDNAs 
encoding rat brain sodium channels I and II (for the cloning 
procedure, see Fig. 1 legend). The primary structures of the two 
sodium channel large polypeptides were deduced by using the 
reading frame corresponding to the amino-acid sequence of the 
Electrophorus counterpart. The assignment of the translation 
initiation sites was based on the fact that they represent the first 
ATG triplets that appear downstream of a nonsense codon found 
in-frame. Rat brain sodium channels I and II are composed of 


2,009 (or 1,998 with the deletion in clone prSCH28) and 2,005 
amino acids, with calculated M,s of 228,758 (227,576) and 
227,840, respectively; at positions where amino-acid differences 
are predicted by the nucleotide differences found among the 
individual clones used (see Fig. 1 legend), the amino acids given 
in Fig. 1 have been used to calculate the M,. Nucleotide sequence 
analysis of the third type of cloned cDNA (clone prSCH203; 
see Fig. 1 legend) revealed that it encodes a sequence of 573 
amino acids that is highly homologous with the carboxy-terminal 
sequences of sodium channels I and II (data not shown). 

The amino-acid sequences of rat sodium channels I and II 
are compared with that of Electrophorus sodium channel in 
Fig. 1. The degree of sequence homology is 8796, 62% and 62% 
for the rat I/rat II, rat I/ Electrophorus and rat П/ Electrophorus 
pairs, respectively. Rat sodium channel I as well as II, like the 
Electrophorus sodium channel’, contains four homologous inter- 
nal repeats with deletions (or insertions) (positions 111-456, 
775-1, 047, 1,239-1, 553 and 1,562-1, 860 in the aligned sequen- 
ces). The regions corresponding to these repeats are highly 
conserved among the three sodium channels, whereas the 
remaining regions, all of which are assigned to the cytoplasmic 
side of the membrane (see below), are less well conserved, except 
for the region between repeats III and IV. A large insertion of 
166-178 amino acids occurs in the region between repeats I and 
П of the rat sodium channels, as compared with the Electrophorus 
counterpart. The inserted segment contains several potential 
sites of phosphorylation by cyclic AMP-dependent protein 
Кіпаѕе20-22, which are conserved in the two rat sodium channels. 

Rat sodium channels I and II have hydropathicity profiles? 
similar to that of the Electrophorus sodium channel? (data not 
shown). Each internal repeat has five hydrophobic segments 
(S1, S2, S3, S5 and S6) and one positively charged segment 
(54), all of which exhibit predicted secondary structure”. Seg- 
ments S1, S2 and S3 generally contain a few charged residues. 
53 has a few negative charges, and S2 a few negative and positive 
charges, whereas S1 is not uniform in charge. Segment S4 
contains four to eight arginine or lysine residues located at every 
third position, with mostly nonpolar residues intervening 
between the basic residues. Segments S5 and S6 are highly 
hydrophobic regions without any charged residues (except S6 
in repeat II of sodium channel I). 

We have previously assumed that the four repeated units of 
homology in the sodium channel are oriented in a pseudosym- 
metric fashion across the membrane and that its amino terminus 
is located on the cytoplasmic side of the membrane’. This model 
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AATACGCTCTTCA: AGCAGT | Sisi |TTTGGTCTTCACTEGGAT( СААЛАТ 

Е CUP Pre Heya TG iv T Tey RUM ds 

Ree ERE Em Ir Ela FRE Eee ne YET GT eT aE Bl bos 
1 





5122... - TACTGEAGAGGTCTETGRTGCATGRGTATGTGTGTSC TT -2M 


GTTTGIGTACGTATGTTCTGCCCCTGTCAGGCTGCAGCCCTTGTGARACACTTGBTCACCTT TTGCAAGAAGGAATCTCTGAATCGTTGCAALT! Bs -106 
ACCCCCTGTCTTTGCTITTCCTCTTTAGTAAGGATATTATTGCACATGTGAGATTTTTACTTCCTACTGTAGGCTGAATTCTAGAAACCTGCACTGGAGACTGCT -106 


CTCGGCTCGGGAGATGTTGTTCCTTACTGCAGATAGATAATTTTCCTTTTTATCAGGAATCTCACATGAAGABTAAAGAGTAATTAAAATGTGCAGGATGACAAG -1 
ACATTCAACACGCACATGGATTCTGTGCTATGATTACCATTCCTTTTATTTCAGCACTTTCTTACGCGAGGAGCTAAACAGTGACTARAGAAGCAGGATGARAAG -1 


ATGGAGCARACAGTGCTTGTACCACCAGGACCTGACAGCTTCAACTTCTTCACCAGAGAATCT CTTGCAGCTATTGARAGSCGCATTGCAGAAGAAAAAGCTAAG Ud 


ATGBCACCGTCA eee re TTACCAGGGAATCCCTTGC: GCATTECAGAA TAAG 
YT" iov G FIRESL A Y t|n[R 1 KAK S 
slr tye eee PREP Tg es IRAE AE EE AE 35 
RJK - ir arm fri t 32 


ROUMANIE. ENORMI АНЕ 207 
AGACCCAMACAGGAACCLRAGGACGAAGACGATGAAAATGGCCCARAGC  AAATAGT GACT GGAAGCABGAMAATCCCTICCTI TTATTIATGGAGRCATICET 210 
GPRKPR SD DIAS PFTY GOT 
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ACGARCTGTGTATTTATGACAATGAGTAACCCTCCTGACTGGACARAGAATGTAGAGTACACCTTCACAGGAATATATACCTTTGAATCACTAATARAMATTATT 522 
AC AACTGTGTGTTTATGACCATGAGTAACCCTCCAGACTGGALARAGAATGTGGAGTATACITTTACAGGAATTTATACTTTGMTCACTTAITABARTCHTT 525 


FMIMS RPPOWTKNYEYTEFTG 175 
СППР н тп is SALW [51K EYTFTSG 1 168 








GCAAGGGGCTTCTGTTTAGAAGATTTTACTTTCCTTCGTGACCCATGGAACTGGCTGGACTTCACTGTCATTACATTCGCATATGTGACGGAGTTTGTGGACCTG 627 








GFAAGSEGCTETTCTETASAAGATT TCACATTICTACGSAATCECTGGAATT m TYTCACAGTCATTACTTTTGCGTATGTAACAGAATTTGTAAACCTA 630 
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NA IALALERVEDALRIDISVLIPELETIVEALI s vj 245 

ANU RALATERYVLURAT t T I[T ITF? Gt E TI VRE I STM; 238 
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AAGAAGCTCTCTGACGTCATGATCCTCACCGTGTTCTGTCTCAGTGTGTTTGCTCTAATCGGGTTGCAGCTTTTCATGGGCAACCTGAGGARTAAGTGTGTACAG 837 
GARGCTCTCTGACGTCATGATCCTCACCGTGTTCIGTCTCAGTGTCTTTGCTCTAATCEGGCTGCASCTCTTCATGGGCAACCTGAGGAATAMATGCTTGCAG 840 
SES Ratio S ЫТ АЕ Г ЛА t POM E Wo wn BO RENY 279 
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TGGCCCCCCACCAACGCTTCCCTTGAG- - - GAACATAGCAT) TGTAACTACGGATTACAACGGCACACTTGTAAATGAAACCGTGTTTGAATTTGAC 939 


ГАСАСААСЛА 
GGCCCCCAGA AKTTETACCTTTGMATPAMTATCACTTCCTTCTTTARTAACTCATTGRATTGGARTGGTACTGCCTTCARTAGRAGOSTOMCATGTTTAAC 945 
Y As E ORE ҮГІТ YG t vY[W]E re 313 
P 5 ілгі; НЕ jt сотую 6 T/A FLIUR н 315 
T Y SEG a DCN ee oes 292 


310 
TGGAAATCATACATTCAAGACTCAAGATATCATTATTTCCTGGAGGGTG AGATGCACTACT: ar ae AA TARET TRATO MEAE EIE AMEN 1044 
IBGACAMAAI ‘GT АБ GGAL 
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Ly git Lie Ir 420 
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9181 fly не 397 
CIGGCTGTGGTGGCCATGGCCTATGASCAACAGAACCASGCCACATTI CARCAGAAGGAGGCAGAGTTTCAGCAGATGCTGGAGCAACTGARGARG 1359 
 KTGECTGT ATEGECTACGAGSANCAGAACCXGECCACAC TGGAGEAGEGTEAACAGAAGCAGECAGAGTTTCAGCAGATECIGSAGEAACTCAAEAAG 1365 
LAY AT ЕИО TLEEAEQCKEAEFQQHLEQLK 453 
LAVVAHAYEE ЕНЕ HLE QL K KJ 455 
YEE A T LRE A(CCE]K EA E FQ E Q (ГОСТ 4» 











AGAAAACAGAAAGA( 
AARMACAGAMGAACAGGCTGRGSAGEAA 
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(GCAGTCTGGAGGGGAAGAGAAACATGATGATGAATTCCACARATCCGAGTCCSAAGATAGCATCASGAGGAAGGGCTTCCGCTTCTCCATA 1614 


ННІ TAEC TET CAOC ACA GCATACGAAACAAEG GC AGIT CI "n 1623 
DEF: E(St BST R R R : 538 
aK ALS E ЕЕ КЕШ A c ViRICSJAIS ED S lee e| d|r Liu 
= G - elem Se m m m —U 491 
530 540 550 560 4% 
GAAGGGAACAGACTGACCTATGARARGAGGTACTCTTCCCCACATCAGTCTCTGTTGAGCATTCGCGGCTCACTGTTTTCCCCGAGACGCAATAGCAGAACAAGT 1719 











GTAGK GACCTACGAGAAGAGATFTTCCTCTCCGCACCAGTCTCICTIGAGCATCCGAGSCTCCCTATTIT TCCAAGACGCAACAGTAGAGCAAGC 1728 
R RIYIS S PRhROStCLSIRGSL 5 . Y 573 
RLTTEER (S SPHQSLLSIRSEGSLYF*SSPmRSRSMS RIA 576 

570 E REBATE ТЕ 


CTTTTCAGCTTCAGAGGGCGAGCGAAGGACGTGGGGTCTGAGAATGATTTTGCGGACGATGAGCACAGCACCTTCGAGGACAATGAGAGCAG 
FLITTCMCTTCAMGSTCQAGTOAAGSATATTGSTTCCEAMMATGACTT TGCAGACGATGAACACAGCACATTTGAGGACAACI HAGAE E 


GACAG 

НЕ Нр Wie SER DTFADUOELH S FE D Ale R 608 
6 R "EHbirrrrirrrtirrtrigh rrriilée 
610 620 yy PG Sete es 
TIITIGEEHMAOA CUUEOTE MENTEM CHADAEEGUMTUEGEEIRET CHROM ned 1929 


CATGGAGARAGGCGTCCTAG RE SEHR UR АСТСТАСССАТСАА GATGCACAGT 1938 
643 
ы. i наны 


60 80 77 , 
IISHTSCMTEISTITTETRGISSNCICUT CUENTE MATT 2034 


SEAGTOGACTECAACSGTGTGGTSTCCCTGGTTGBAGGCECETCTECECTCACATC CTETGEGGCAGCT 
H $ P tt P 
cAI DENGVYSLY SEP 5јд отуруб жаа) pn 
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= 701 
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CAAAGGGCAATGAGCATTGCCAGCATCTT) РИНЕН AAA GT CENBEETGER TAM AACA 
EIE AF muda wc: 55 
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(ССАТСТОСАТТОТОТТА 2313 
PEFYDLAI ЕТТІ то 
ЕЗГІ НИЗМ ОЕ ТІНЕН Y L| 721 


FU тпс trot 578 
ANAGR TUTTA coe SST ACL CCATCACTGARCATTTCAATCATGTACTIACAGTASSAAACTIGGTTTTCACTGGATCTTCACASCAGAAAT 2445 
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LETTERS TONATURE 


1. AATGIGGAAGGATTGTCAGTICTCCGATCATICCOGCTGCTTAGAGTCTICAAGTIGSCAAAGTCCTGOCCCACACTGAACATGCTCATTAACATCATCG “CA, 2620 
LR SFR R Y Í 
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ree Aa тет аста арнал аты ата 2550 
1 ПЕТ GGAATATCITTGATGGCTTTATAGIGAOCCITBGTTTAATGS HCITSNCT Ga Y 2523 

















TAA А GATAATAGCERTGEATSCATATTATIA TICCAAGMAGECTT 
Pred th DPYY E G V N I F UG T VLIL SL HEEL 
K ининнни UESRRIPDETLIYPUPDMPLSUES 
к AFLID y Y v ор Tlw if ofsil L i 
^d Te 5 
САС 


1 AATGTGGAAGGGTTATCAGTTCTCCGTTCATTCCGACTGCTCCGAGTCTT: TTEGCAAAGTCCTGGCCCALACTGAACATGCTCATTAASATCATCGCCAAC 2655 
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R 5% i 
R SWwPTLMN ELKI An ез 
[Tis tuf УЫ 


1 TCGGTGGGCGCACTGGGCAACCTGACCCTGGTGCIGGCCATCATCGTCTTCATTTTTGCCGTGGTCGGCATGCAGCTGT ICCSCAAAAGTTACARATATTGTGTC 2760 








ц 1607609160 TCCANCCTGACCETGOTGCTGGCCATCALCETCTICATITILGLCGTECICOSCAT GCAGCTGTTTGGAMSAGCTACAA  ASTGTCTE 2733 
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Е тесммлттосстелстосаллотсссрсоставсасатоддезеттеттссастостогоатовт тестето GTCCATASACACC 
GCACGAS TTCTTCCACTCCTTZCTGATCGTGTTTCGAGTCCTCTG YOGA C ST Cot" ASATACC 2222 
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Hi DCELPRWHH oFEHSELIVER yt CG EY: ET S 
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І ATGIGSGACTGCATOBAGGTCGEGOGTCAAGECATETGCETTACTETE TATEM On TEA TOG TEAT CEGAN CE TTET TG CCTGAACCTE TTE” "ZGCCT!G 2979 
of TACT TCTTCATGATGGTCATGGTEATTGBGAACCTTETT NCCTOMACCTEDEU з ECT 2943 
Y M | 
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САСВАТСАСААССИААТВААСААССТТ САЛАТІ ee TOACA SA TOCACAAG CDM TATT TT 3515 
GCCGTGGGANCSATGCAGARG OM IGATI, 3048 
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1 GARARGTACATCATTGATGAGAGTGACTACATGTCATTCATAAACAACCCCAGCCTCACCGTGACTGTGCCCATTGCTGTGGGASGASTC TGACTTTGAAAACTTA 3221 























u GRGAAGTATSTGG TAGATGAGAGTGNTTACAYGT GTTCATAMACAACCCCAGCCTCACCGTGACTGTGCCCATCGCCCTTGSASASTCTGACTT TCAZ2ACTYA 5321 

I Yro E ee sv TOV T gum ЕТТТ UC 7 

Il [E K WES PY HS Five si tury A GES OF FNL 

ea T --1-ccl5 Trade IJV Кс E S[E;T]E УЕ sto 
1130 1 WE 


I AACALAGAGGALT ITAGCAGTEAATCASATCTAGAABAAAGCAAAGAGAAACTCAACGAAAGEAGTAGTTCCTCARAAGONALEACAET ALAC AT ESE TIED 3496 
П AACACGGMAGARTTCAGTAGTGAGTCAGETSTGIMAGNAASL uir a a E 2С7стСС6 3153 


СААБСАБАААТТІ 
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I GEG. --GAG---GAACAGCCTETCATGGAACCAGAAGAA- -. ACCCTTGAGCCCGARGCTTGCTTCACTGAAG-CTSTGTG 3528 
Il GCA- TCGCTTGAACCGGARGEGTGTTTCACASARCAC aie 
І и 

i Lal SERE A Cu UE 176 
E Е SKT rt 923 











1 CAGAGATTCAAGTGCIGTCAAATCAGTGTGGAAGAAGGAAGAGGAAAACAGTGGTGGAACCTTCGGAGAACGTGCTTCCRAATAGTTGASCACAACTCS TTGAG 3663 
11 AGAAAGTT( TGTTGTCAGATAAGCATAGAAGA! CAAGCTCTGGTGGAACTTGAGGARAACGTGCTACAAGATAGTAGAGCATAACTGSTTTGAA 3633 


14 Kc Ct OT SLEE E H YW eT p Y Hon ptus 
u oRKIF KCC OILS TEEGY Hu u on LRT с Iv ERNMF El" 
а w[R F Т vibli[iidle к cles cae Te VELL ІЗ ды 
2; Еее сс --- 
CTTTGAGGATATATACATTGATCAGCGARAGACAATCARGACCATGCTOGASTATCCASAC 3763 


TEGC 
uA М TTTATGATTCTGCTCAGCAGTGGTECTCTGGCCTTTGAAGACATTTATATTOA ACTAGCGAM GACA CARGAT CATGCTGTEOTATCETGAC 3738 
I TF IVFHUILLUSSS&ALALFEDISYIJ|0Q&RXKT T NL E Y A O] 1258 
DIDTFIYFHMHILLS LA E 1v ied RETI x MULE Y & 0} 1245 
IF I[T)F M 1L (15 La E D I v IjU үг YAD 
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I AAGGITTTCACTTACATTTTTATCCTGGAGATGCTCCICAAATGGGTAGCCTACGGCTATCAMACGTATTTCACCAATGCCTGGTGTTGSCTGSACTTCTTAATT 3874 


п ARGGTTTTCACTTATATCTTCATCCTGGAGATGCTTCTARASTGEGTGSCCT) GGTTTCCAMTGIATTTCACCAATOCCTGSTOCTGRCTGRACI Ute H 384] 
ТЕТ ТТЕНІЕЕМ Y тте hak ЖЕ 
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ICTTGGGGCCATCAAGTCCCTAAGGACACTAAGASCTCTGAGACCCCTAACAZCC 3978 
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TIGGTECCATCAAGTCCCTCCGAACGTIAAGASCTCTGAGACCTCTAC( ATC 3940 
LGATRKSCTRTLUR AL RPL WA) 326 
L GA I KS E R T L R A L R P c В AL136G 
LOG A 1 кун к тра A Lon p t m aja 
I TTATCACGATTTGAAGGGATGAGGGTGGTTGTGAATGCCCTGTTAGGAGCAATTCCATCCATCATEARTGTGCTTCTGGTTTGCCTTATATTCTCSCTAATI" TC 4083 
11 TIATCCCGATTTGMAGGAATGAGGGTTGTTGTAAACGCTC, IG TTAGECGRCATCC CCCTCCATAATGAACGTACTTCTGSTCTGCCTGATCTTTTGACTAATAT"C 4053 
ІП ser F ee ТИИ ЗАТ е ITPSIMNHYLLVCLIULFWLIÓI*f)|nt 
IL |5 R F EG MR V Y YHA PEATE STR NYE УСТИ TINE 
HESR ee uyy vera G À | P S I M N VLL v C LIMA]F x Lt jy riu 
5 THES - 


























I  AGCATCATGGGCGTARATTIGTTTGCTGGCARATTCTACCACTGTGTTAACACCACAACTGOTGACACATTTGAGATCACCGAAGTCAATAATCATTCTGATTZC 4153 

11 AGTATCATCGGCGTGAATCTCTTT САЛОТ CTACCATTECAT GRAET a eras care a STEET G 4758 

I КҮҢ [3 [3 Gn D d FLY HJS D 1396 

nist MeV CPA CEPR YE cur т СЕТЕ S[Y]v нон [уу E C 1383 

El [S I M G v N L FAG K F Yv[R]C I N T TOLE LR É V h HIRÍS D t3108 
Te 

ACTGCCCGGTGGAAMAATGTGAAAGTAAACTTTGATAATGTAGGATTIGGGIATCTTTCTT TGC TTCAAGITGCGALG"IT 4293 


1 CTAAAACTAATAGAAAGAAAT 
п FMGCTCTCATTGACAGCART: GTGGAAGAACGTGAAGGTCAACTTCGATAACGTGGGACTCGGATACCTTITCTCTGCTCCAASTA^CCACCT"T 4263 


cM "HN 

TK ARWRKEVRKVY NF On ¥ GIF Y ІІ УАТ FY 1431 

LA SERES HE hti Eit Sel PEELE il o 
8 [1 Y N L L vfs 321 
1450 : 1460 % 


1 PRE ОРЕВИ ЭРАСИ NUMINE IUD 4138 
11 BARGGATGGATGGATATCATGTATGCAGETGTTGACTCAAGMAATGTAGAACTGCAGCCCAMATACGMDACAATCTCTACATGTACCTTTACTTTGTCATCIYS 4358 

GWHUOUIHYAASYSD КНУЕСЦОРКҮ Eis WY YF Тед 1456 
H M56 
v i 1247 
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І ATCATEFFoUeTCGTTTEACTTAMATCTATTCATUGTEICATATACAAACTICACCACCAGANGMGALGTIGEAGRMGACATCTTATCA 4503 






" TGHTCATTOGIGTCATEATAGACAACTLCAAECASCAGAAGAAGAAGT GGAGGTCAAGACATCTTTATGACA 4473 

T' 159) 
n 1491 
B 1202 


1 CAAGAACAGARGARATACTATAATGCAA 
Е GARGAACAGAAGAAA ACAATGCAA! 


1 TTIGTAACCASACAAGTGTTIGACATCAECATCATGATCCTCATCTGTCTGAACATGCTGACCATCATSTGEAAACSGATGAC 
it aes T TCAA CAA CATCATGATCCTCATCTACCICAACA et 


U АЕННАН pie g 

ННН Инна 1 irt timi i ligi d 5 756) 
інілі I C[T)N M урон M v ECS Flo Q S 352 

I AGE Tec cca Tat Len Sesto ANETTER NT 2918 
11 ATCCTGTACTGGATCAACCTGSTGTTCATTGTCCTGTTCACGGGCGAGTGTGTGCTGAAGCTCATCTCCCTCCGCCATTATTATTTCACCATCGGCTGGAATATI 4788 
І R РЕГУТТТСЕСТІ. RH Ww Ww []|'co6 


CAGAGCGATTATGTGACAASC 4713 
CGACCAGAGTCASGASATGACCAAC 6683 



































П ФЕСТІКІЛПЕІЕШҮЛІРІ Gun 536 
Е ПР r[v]E с KUL AIL g[O]Y[F]F Tre wpe 237 
ааа. аі 
I ТТССАТТТҮСТССТЄСТСАТССТСТССАТТЄТАССААТОТТТСТТЕСССАССТЄАТАСАСААСТАТТТССТСТССССТАСССТОТТСССАбТСАТССЕССТОССС 5723 
M FTTGATFTTGIGGTAETOATCCTCTCCATTOTAGSMTGTTTETCGCGGABCTGATAGAGMAGTATT [CGTGTCOCCTACCCTOTTCCGAGTCATCCECCTCACE $293 
I FVVVILSIVGHFLAELIEtKYFVSSPTYILFrFSSYI!WLÀA|3s 
г н ТТ - сл тағы EL LEKIT F ESEPTA ЕЯЯТЛЕЦ 5-4 
E (Е 0 F[Alv v d sS I[T]efL;Clt fS 0 tlie x Y F tart T L1 F R V ] Ry A} 422 
А29 7 T pu 


1 AGGATTGGACGARTCCTACBCCTGATCAMASGCGCCAAGEGGATCCGCACTCTGCTCTTTGCTCTGATGATGTCCCTTCCTGCGCTGTTCAACATCGGCCTCCTG £228 
П TTEGACGAATCCTACGCCTGATCARAGGCECCAAGGGSAT CGCACICIGCTCTITECICTGATGATGTCCCTTCCTECGCTGTTCAACATCGECCTCGTG 4538 
AStPACUPF AL OL (1166 














eS TIE 
Fig. 1 Nucleotide sequences of cDNAs encoding rat sodium channels I (frst row) and II (second row) and alignment of the deduced 
amino-acid sequences of rat sodium channels I (third row) and II (fourth row) and of the E. electricus sodium channel? (fifth row) (see overleaf). 
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1 CTITICCTGGTCATGTICATCTACGCCAIC™T TGGGATGTCCAACTTTGCCTATGTTAAGAGGSAAGTTGGAATTGATGACATGTTCAACTTTGAGACTTTTGGC 5133 


11 CTTICCTGGTCATGITCATCTACGCCATCTTTGGGATGTCCAACTITGCCTACGTTAAGAGGGAAGTTGGAATTGATGACATGTTÉAACTITGACACTTTOGC 5103 

ІІСЕГҮНЕТҮХЛІТЕРОМЗКРККТҮККТҮСІСІЕПІЕЕ F yn 

Wye fi gM F LY A L F-G HN $ N F A Y V K R E Y G I DO MF NEFE T F GIU 

Ef Ш F uL[T]H F I yE GMs N FAY КГ: 61710 ofT]F N F E T Е &j 1492 
5 % Т 


1 ARCAGCATGATCTGCCTGITCCARATCACCACCTCTGCGGGCTGGGACGGACTGCTGGCCCCCATCCTCAACAGCAMCCCCCTGACTGTGACCCTAATAMAGTT 5238 

11 AACAGCATGATCTGCCTGTTCCARATCACCACCTCTGCCEGCTEGGACAGACTGCTGGCCCCTATACTAAATAGCCGACCTCCTGACTGTGACCCTGAAAAAGAT 5208 

L[T OR TCT Pree owoUGuUAP TL ЫР D CO ТЕГ, 1746 

HIRSHICLEFAOLILTTSAGWDGLULA?P IuNS 6 »P»PbDc D Ple к ТІ?» 

EDS ICLEIDLPTS A299 61 fem N[T]G P P D C DP Рур; Е, 1527 
T 1770 1 


1 ARCCCCGBARGCTCGGTGAAGGGGGACTG"GGGAACCCATCCGTGGGGATTTTCTTTTTTGTCAGCTACATCATCATA"CCTTCCTGGTGGTGGTGAACATGTAC 5343 
I тС! ACTGT JCITITITGICAGETACATCATCATATGCTYCCTGRTGGTGGTGAACAT AC 5313 
1QheGssyrapcagresvyGorrrrvys vi Тутууу aH {iret 
te BINE OC GNPSYGIFFFXYSYIILSFUYNYYNMv|un 


UTE FSS r:in F L V Y V H MY} 1562 
VSE- 
ATCGCTGTCATCCTGGAGAACTTCAGC GT TGC CACCGAAGAAAGTGCAGAGCCCCTGAGTGAGGACGACTTTGAGATGTTCTACGAGGICTGGGAGAAGTICGAC 5448 


ATCGCTGTCATCCTGGAGAACTTCAGCGTCGCCACCGAAGARAGTGCAGAGCCTCTGAGTGAGGACGACTTTGAGATGTTCTACGAGGTCTGGGAGARCTTCGAC 5418 
VA [SOMMEIL es ES R E P LAS E D p p GRMRETTCIRCGAGGTCTGSGAGAAGTTUGAC 5418 


ГА Е 
ТЛУТЕЕКРУУАТЕЕЗАЕРСЗЕОСОРЕНЕТЕУНЯЕК F о |1806 
Не ННН EE HEEE E p| io 
1 1 840 1850 
1 CCTGACGCCACTCAGTTCATGGAATTTGARAAATTATCTCAGTTTGCAGCTGCTCTCGAMCCCCCTCTCAACTTACCACAACCGARCAMACTTCAGCTCATTGCC 5553 
ir sT aco C IET E PEPE E R ALTE o A A E pAASCCAAA CANG TCCAGCTCATTCCE 5523 
t А POP ut P PUNK 1851 
deo era rlre eels s]a ШЕРІ ГЦ y 1841 
El WELT Q ELDO TAL 216, VR 27 Н; ТЕЗІ REH KLLJA K 1632 
870 455 1890 


І ATGGACCTGCCCATGGTGAGTGGAGACCSCATCCACTGCCT! 
ATGGACCTSCCCATGGTGAGTG COCATI TGs 
M L] 
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GGACATCTTGITTGCTT ITACAAAGCGGGT CT IGGGCGAGAGTGGAGAGATGGACGCICTICGA 5658 
CATCTTGTTTG TAC AAAGCGGGTCCTGGGCGAGAGTGGAGAGATGGACGCTCTT! 

Or tr AF K t ESGE L R]|1886 

sG : M R | 1876 

















1 ATCCAGATGGAAGAAAGGTICATGGCT” CCAACCCCTCCARGGTCTCC TATCAGCCAATCACTACAACGTTAARACGAAAGCAAGAGGAGGIGTCAGCCGTTATC 5763 

П A epp GOMAGAMGGTTCATGGETYCCAACCCCTCCHAGGTCTGTT САССССАТТАССАССАСССТСАААСБСАААСААСАССАЄСТСТСТССТАТІСТС 5733 
1 BEI L] SKRVSTY ret ERR RUE EY К 

SNPSKVSY PITTTLKRK E E v S aly 

H IK]F[K X O]w P sSJP T FFE P[VTYlT T (€ RK E[WT у 

11 H 1940 77 ы 1195 imi 1960 

I ATTCAGCGCGCTTACAGGCGCCACC TTTTGAASCGAACAGTAAAACAAGLTTCATTCACATACAATARGAACAAACTC. 


11 ATCCAGCSAGCATACAGGCGGTATCTCSTGAAGCAGAAAGTTAAGAAAGTTTCCTCTATCTATAAAAAAGACARAGGT. 
то ун тар мра IfYINTKTNTK[.:- 
п I 4 : А Y RR x LLK К Y KJK 5 Ті Í 

г) [0 te Y H 5. L:S1QJI 
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CAACTTCT - - -CCACCTTCZTACGATAGCGTG. 
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Fig.1 Nucleotide sequences of cDNAs encoding rat sodium channels 
I (first row) and II (second row) and alignment of the deduced amino- 
acid sequences of rat sodium channels I (third row) and II (fourth row) 
and of the E. electricus sodium channel? (fifth row). Nucleotide and 
amino-acid residues are numbered as in ref. 9; numbers of the last 
residues are given in the right-hand side. Identical amino-acid residues 
are boxed with solid-lines and conservative amino-acid residues? with 
broken lines. Gaps (-) have been inserted into the amino-acid and 
nucleotide sequences to achieve maximum amino-acid sequence 
homology. Numbers of positions in the aligned amino-acid sequences 
into which gaps have been introduced are given beneath the sequences. 
For evaluating amino-acid sequence homology (see text), a continuous 
stretch of gaps has been counted as one substitution regardless of its 
length. Segments S1-S6 in each of repeats I-IV are indicated. The 
potential N-glycosylation sites???! conserved in all three sodium chan- 
nels are the asparagine residues at positions 212, 285, 303, 340, 917, 
1,417 and 1,431. Nucleotide 8,147 in prSCH109, nucleotide 7,682 in 
prSCH202 and nucleotide 8,343 in prSCH207 are followed by a poly(dA) 
tract which is connected with the vector DNA sequence*®. А polyadeny- 
lation signal, AATAAA (ref. 37) or ATTAAA (ref. 38), is found at 
nucleotides 8,125-8,130 for prSCH109 and at nucleotides 7,662-7,667 
and 8,320-8,325 for prSCH202 and prSCH207, respectively. The nucleo- 
tide differences observed among the individual clones are as follows. 
Sodium channel I cDNA: insertion (prSCH71) or deletion (prSCH28) 
of nucleotides 2,011-2,043 (underlined); G (prSCH74) or A (prSCH71) 
at nucleotide 1,441; G (prSCH28) or A (prSCH71) at 1780; G 
(prSCH28) or A (prSCH71) at 2,467. Sodium channel II cDNA: A 
(prSCH93) ог С (prSCH9) at nucleotide 1,149; G (prSCH78) or A 
(prSCH9) at 1,511; C (prSCH78) or T (prSCH11) at 2,688; С (prSCH78 
and prSCH82) or A (prSCH11) at 3,065; С (prSCH11 and prSCH82) 
or А (prSCH78) at 3,313; С (prSCH82) or A (prSCH11 and prSCH78) 
at 3,357; T (prSCH82) or С (prSCH202) at 3,669; С (prSCH82) or G 
(prSCH202) at 3,671; A (prSCH82) ot G (prSCH202) at 3,684. The 
resulting amino-acid substitutions are as follows. Sodium channel I: 
insertion/deletion of residues 671-681; Asp or Asn at residue 481; Glu 
or Lys at 594; Asp or Asn at 823. Sodium channel II: Arg or Lys at 
residue 504; Arg or His at 1,022; Val or Met at 1,105; Ala or Gly at 
1,224. Wherever a nucleotide or amino-acid difference occurs, the former 
residue is shown in the sequences presented. S, nuclease mapping? of 
rat brain poly(A)* RNA with a probe containing the EcoRI (nucleotide 
1,556)- BamHI(2,116) segment of prSCH71 indicated the presence of 
' the sodium channel I mRNA both with and without the deletion of 
nucleotides 2,011-2,043. 

Methods. Poly(A)* RNA was prepared *^*! from the whole brain of 
male Wistar rats (—200 g body weight). A cDNA library; constructed? 
using 20 ug of oligo(dT),; ів and 20 ug of rat brain poly(A)* RNA, 
was screened by hybridization at 50°C with an E. electricus sodium 
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TGAACACAAACAAACAAAAAATAATAAATTGGGIGACAAATTGITIAC 6075 
+ -ATCAGGGARAGTAAAAAG TARAAAAAT AAAATAATAA T AATAATAACGARAATTAAAAATTAAAAA 6063 


iT RE 5]к к 2005 
AT VIVjR E SJT v 1820 


1 AAAGGGAAA---- 
11 AAAGCGAAAGAT-. 


1 AGCCTGTGAAGTCAAAGGACTCCTTTAGGAAGTCAATGCCARACTGACTG: 'ACACAAATTCACTTTAAGGTCAGTGCCTCAATAAGACAGTGACCCCCTTG 6180 
11 AMAGAATATTCCATTTCGTGATCARCTGTTTACAGCCTGTGTTGGTGATGTATCTGTGACTCCCTCAGGAGGTCCATGCCAAACTGACTGTTTCTCTAAGTGTA 6168 


I TCGGCAAACTCTGTGACTCTTAGGTARAGGGCAGATGACCTTGACAGGAGGTTACTGTTCTCACTACCAGCTGACACTGCTGAAGACAAGAGACAAATOGCTATG 6285 
11 TACTTAAGGTCAGTGCCTATAACAAGACAGGACCTCGGGTCAGCACACTGGGATTCACCAAACCAGACARAGAGCACCGACGGGAGGCTTCTATGTTCACAACCA 6273 


1 CAGACTGTAGGGACCAGCGTAAAGGGGTGCAGAGCTATAATTTGGGGGTTTARCGTGARACACTTTAGTGTAGTAACTGTATTCACCGTTTGCATTTCAACTGCC 6390 
11 GCTGACACTGCTGAAGAGCGGAGAGCAATGGCTACTCAGACTAGAAGAACATGGAAACGGGGAGGARAGTTAAATTTTTATGTAAAT" TAACATGTGACAZTTGA 6378 


1 ACA"TTGTCAGGTTTTGTACAMACTCTGTTAGTGGATTCATCTTTTTTTTAAATCCATATGTTGTTTGTTACATGTGACTATTTTTGTAAACGGGGTTTCTGITG 6495 
11 TAGCGGTAACTGTCACCACTG" TTGTGTTTTAACTGCCACACCTGCCATATTTTTACAAAMATGTGTGCTGTGACTTTATCACTTTTTTTTTTTGATTCACGGGTT 6483 


1 GGAAACAGACTAAAGGAACTCTTTTCCCTGTGTGTCACCTGSGGGTAT TGACATCCATACAGCCCTCCCATCTGCACAACGATGTGGTTTTGCATGTGAGGGCAT 6600 
Hi GTTTACTCTTATATGTGACTATTTTTGIAAACGGGTTTATGTTCGGGGAGAGGGATTACGGAGGGGATTCGACGTTTCTCTATGTATAACGAGATCTATTTTCAA 6588 


1 GCTGTACCTTACGATCATGCATGAGAAAAAAGTCACAAGGAAAGCARAGTCGGTTC TTCAACAGTTCTACATCATCTGTGTTICIGCGGGGGGACGGGGGGGATG 6705 
11 CGAAGGTAATGCTGCAGCTC7CATTCACACACGACGATATCCCATCACACCAGGAAAGAGCTTACTTCTCATITCAGGATGTITITAGATTITTTGAGGIGCTTA 6693 


I TACTGAGGTGATCATGAGACCATGGGCTTTGCCGAGCTGGCTTTGTCAACTCTAGCCCTTAGTCCAAGGAGATTGATCGATCAGACAGGTCATTGAGTCTTAGTA 6810 
Il. ANTAGCTATTCATATTTTTAAGGTGTT TCATCCAGAGGAATTTTAATGTGCCTGTAAATGTTCCATAGARCCACAACCATCAAAAAGAGTTGTTTTATTTTTACA 6798 


І G&GTGCAAACTTCATCCARATGTCTGGAGTCCTGTTACGTTTCTGTTCACTGTCTCTTCAAAGTCTCTAAATTATGACTCTGACTCCCTACCCCCAGCCCTAGCAS 6915 
11 TAGTTCATTATATGTACATG"ATATATGTCTATATGTATATGGCCGTGTATATACATATATATGTATACACACATGCATACATATGCACACACAGACCATCACAT 6903 


1 АСССААТТСАССААААСЛАСССТТТАТАААТТСССССТТААСССТССАСТТТСТТТАБССАТСТТСАССТСТСАССВАССТТСАСАСТСТААТСТСТТААТСААА 7020 
1l GCTCAGAGTCCTGACAGCATGACTATAACATTTTTT TAATAAGTGTCCTITGGTAAAAAAAAATATATATACATATATATATATATCTCCTATCAGTCCTITCTA 7008 


І TGCTATTTATTGIGTAAATASTCATTTTACTCTGTGGTGCACGTTTGAGCAAACARATAATGACCTAAGCACAGTATTTATTGCATCAMTACGTACCACGAGAA 7125 
11 AGAAACCCAAACTACCAAAAACCACCCCCACGGCCACTTICTGAAGTTGGTTCTGCTITITTTICCCTGCAGTATIGT ITAGCCATCTICTGCTCTIGGTAAGGT 7113 


1 ACGTAGAGTGCAAGCTGTCCGCTGGTAATATACTGTATTCTGTACCATTATAGATAGTGTGGATGCTGICAGTGCATGTCGATATTACCATGCTGCGGTATCTAG 2230 
11 ТСАСАТАСТСТАТСТСААТТААЛАААСААСААСАССААСАЛАСТСТЄСТТТСТАААТАСТДАТТТТАСССАСТССТССАТСТТТСАССАААТСААААТСАТТТАА 7218 


І ТТТСТСССАССАСТСАБААТСТСАТАСТСАТСАСАСАССАТАССТСАБТСССТААСТСААССАААСССТТСАССАСАТТТСАТТҮСТТТААСТСАТТААССААТА 7335 
Пп GCACAGTATTTACTGCATCAAATATGTACCACAG  TAAGTATAGTTTGCAAGCTTTCAACAGGCGACATGGTGTCACTGGGTCCCT TAGAGTTTGAAGCTGTCAC 7323 


1 GTTTGCAGCATTTTAACAATGIC TGGGITGTTTTTCAATTCTAAGTGGATGACGTTCAATGTATAGCCAGACTGTACATACATGTTCGGAAGACAACACTACTGC 744C 
11 CGCTGCATGTCTCTCTTGCT GATGCCGCTGTATCTTAACCCTTCTGCTGT TCAGAAGTCTAACAGGGAAGCCATACGTCGGTGGCGAAGTGAAGCAAATCGGTCC 7428 


I TTAACCTGTTAAAACATGTTTAGAGTTTTATAAGCAAGTATAAATACTGTACAAAGTCACTTTCTTTTGTTTTTCAGCATCATGTACATATGAAGAGGAAATTAT 7545 
1 ACCAGGAACTCACTCTTCGTGACATGAGCCATGGGT TGCGGTAAACGGGAAGGAGATCCTTGTTCTTGGTTCTCCCAAACCTTAATGGAACAGCCGGTSAGATGT 7533 


I CTTCAGGTTGATATCACGATCACTTTTCTTACTTTCCGTCCACAGCAGTTTTTCATGGARGATATTTGCTAACTAAGARATGARACCATGACGGGGTAGTGGTAG 7650 
п CIGACAGTGTAAGCTGCTTAGATCTGTTARAAGTATGTGCTTCGAGTTTTCTAAGGAAATATACATATTGTAAAAAAGGGGGGGCTCATTTTATTTTATTTCAAA 7638 


I ATCTCTGCTTTTTTAATCACGGGCTTTAAGTTTGGATTATTTCATAATTTTAAGGGACARAGTACACTCACAACCTCACATCCAAATTATRATTTGCAATTGGGA 7755 
n GCCTTTTGTACATAAAATGGGAMATTARAAGTATCTTCAGGTTGACGTCACAGTTCTACCBITAGTTTCTGTTCCCCGGCACTTTTTAATCAAGGCACTTCGTCA 7783 


H ARGGGTAGAACATTTGATTTATGTTTATTATAGTGTCTGTGCGAACAGATGACCGGAATGCTTTTTTTTTCTCATTTTTTCTTTATICCCTAATTTCTGTTTATT: 7860 
п CGGARGAGATAAGGCCTAAGAGGCAGTGTAGGGCCTGGCTGTCGTTGTTGGTACTGTGGACTTGCGCGTATT TCCACTTGAAACAATTCTCATTCCAAGTCTAA 7848 


І TTTCTTTGCTTTGGAATCACGCATCTCTAGATTGTTCTAAATATAAACGTGAGCTTCGGAATTTCTTTTCCTCARAAACAGAGAGGATGACACTTACATAGTCAA, 1965 
п TGTCCATTIGCTTTCAATASTGATGCCTTATCATTGACAAGAGATTT CAAGGSGAGCAGATGACACTCTTGGCATTGCCTGAGTAGGATGTCCTCACCTAGYGTT 7953 


H TIATATCAAGATATTTGTGTTTCTTACAGAAGCAGACCATAGGCACCTCTTTTTC? TAAGAAAAAAAATATTTAGGCARACCGTATTCATGAACTGCATGTTGGA 8070 
п TCTCCICTACTCATCCATCTTTTTTAATGTTCGTT TACACAGATAGATAGATGGATAGATAGAATCTTACTCATCCACATGGCACCAGAGCTGT TTCAGGTATCA 8058 


I AMATGCTACTATTGCCCAAMATGATGCTAATCACAATTAARAATGTGCARATCTAATARAAATTAAT ТАТТТТ-----. 3° B147 
Ll TTCGGGAACCAAGCGCTCTCTCTCTCTCTCTC. TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTGTTTTCCACAAAACCAGTTAGTGAMATGATAT 8163 


п СЄССААТТАСАСССАААСАСТТТСТТТСАСАСАСААССТТСААТСТАСАТТСТТТАТАСТАААССТСТТСАСТТСТАСССТСТТСАТСААТССАТССАССААААТ 8268 
ГІ GCTATTACCATACAGAGCTACCGGTARGCCACATTACGATCAAGCCAAAAGAATAAAGATTTTTTTTT" TGCTTT - -——-. 3° 8343 


channel cDNA probe, that is, an equimolar mixture of the Hin- 
dIII(-250)- Hind11I(1,777) fragment from pSCH411 and the Hin- 
dIII(1,777)- Ban11(3,307) and Ban11(3,307)-Xba1(5,615) fragments 
from pSCH50 (ref. 9). Transformation and screening were done as 
described previously?. Of the 13 positive clones isolated from ~1 x 10° 
transformants, four (prSCH7, prSCH8, prSCH9 and prSCH11) hybrid- 
ized with an RNA species of ~9,000-9,500 nucleotides when their cDNA 
inserts were used as probes for blot hybridization analysis® of rat brain 
poly(A)* RNA. The cDNA insert of prSCH7 was shown by restriction 
mapping to comprise part of that of prSCH8. Nucleotide sequence 
analysis“ revealed that prSCH8, prSCH9 and prSCH11 carried cDNA 
sequences encoding amino-acid sequences homologous with different 
regions of the E. electricus sodium channel. Another СОМА library was 
constructed*® using 12.6 ug of poly(A)* RNA and 5.6 ug of the vector- 
primer DNA. From ~2x 105 transformants, five positive clones were 
isolated by hybridization at 60°C with an equimolar mixture of the 
Hinf1(4,935)-Hinfl(5,658) fragment from prSCH8 апі the 
Hinf1(2,568)- Hinf1(3,332) fragment from prSCH11. Restriction map- 
ping indicated that all five clones were derived from an identical MRNA 
species. Sequence analysis showed that the 5'-terminal 219-nucleotide 
sequence of prSCH109, which harboured the largest cDNA insert, was 
similar but not identical to the 3'-terminal sequence of the cDNA insert 
of prSCH11, indicating that the two clones were derived from distinct 
mRNA species. Screening of an additional ~6 x 10° transformants from 
the same Okayama-Berg library by hybridization at 55°C with the 
Pst1(4,350)- Pvu11(5,498) fragment from prSCH109 yielded 14 positive 
clones. These clones were classified into three groups by restriction 
mapping: nine clones belonged to the same group as prSCH109, three 
(for example, prSCH202 and prSCH207) to another group, and two 
(for example, prSCH203) to the third group. For cloning cDNA sequen- 
ces further upstream, the oligodeoxyribonucleotide primer 5" 
TCTGTGTTTAAGTTT-3', complementary both to nucleotides 3,375- 
3,389 in prSCH109 and to nucleotides 3,345-3,359 in prSCH11, was 
prepared using an automatic DNA.synthesizer (Applied Biosystems) 
and was elongated by reverse transcription. Single-stranded cDNA was 
synthesized using 1 nmol of this primer and 100 рр of rat brain poly(A)* 
RNA and was converted to double-stranded cDNA, which was cloned 
in pBR322; the procedures were essentially the same as reported pre- 
viously*?, except that poly(A)* RNA was denatured using methylmer- 
curic hydroxide. From ~4 x 10* transformants, 46 positive clones were 
isolated by hybridization at 55°C with an equimolar mixture of the 
Hinf1(1,144)-Pstl(1,396) fragment from prSCH9 and the 
BamHI(2,440)- EcoRI(3,068) and EcoRI(3,068)- EcoRI(3,362) frag- 
ments from prSCH11. Restriction mapping of 23 of the clones indicated 
that 11 (for example, prSCH28, prSCH71 and prSCH74) were derived 
from the mRNA represented by prSCH109, and 9 clones (for example, 


prSCH78) from the mRNA represented by prSCH11. For isolating » 
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postulates the presence of an even number of transmembrane 
segments in each repeat because no additional hydrophobic 
segments are predicted outside the repeats. Thus, we have pro- 
posed that either four or all six of segments S1-S6 in each repeat 
traverse the membrane?. If four transmembrane segments are 
assumed, it seems likely that segments S5 and S6 and two of 
segments 51, S2 and S3 span the membrane. This transmembrane 
topology would be favoured if each of the four positively charged 
segments S4 interacted with each of the four negatively charged 
segments located between segment S6 of repeat II and segment 
S1 of repeat II. However, the clusters of acidic residues in 
this region are not as conspicuous in the rat sodium channels 
as in the Electrophorus counterpart. Furthermore, the voltage- 
dependent gating of the sodium channel implies the presence 
of a voltage sensor, which is thought to be a collection of charges 
or equivalent dipoles moving under the influence of the mem- 
brane electric field. In fact, this movement can be measured 
as a gating сштеп. The finding that the equivalent of four to 
.Six charges must move fully across the membrane to open one 
sodium channel'? suggests the intramembranous location of 
many dipoles that move by smaller distances. These consider- 
ations favour the possibility that all of the six segments S1-S6 
span the membrane (Fig. 2a), presumably forming a-helical 
structures?"??, The ion selectivity of the sodium channel makes 
it unlikely that segment S4, which has many positive charges, 
constitutes the inner wall of the channel; it seems more reason- 
able for this segment to be localized within clusters of other 
segments (Fig. 2b). The formation of ion pairs between many 
of the positive charges in segment S4 and the negative charges 
in other segments such as S3 and Si would stabilize the 
intramembranous location of the charged segments. The trans- 
membrane topology shown in Fig. 2a is consistent with six of 
the seven potential N-glycosylation sites???! that are conserved 
in all three sodium channels (see Fig. 1 legend) as well as with 
all the potential cyclic AMP-dependent phosphorylation 
sites?0-22. 

The unique structure of segment S4 in all repeats is strikingly 
well conserved among the three sodium channels. It seems 
probable that the positive charges present in this segment, many 
of which presumably form dipoles, represent the voltage sensor. 
They would move outward in response to depolarization, caus- 
ing conformational changes and possible rearrangement of ion 
pairs. Segment S4 in repeats I, II, III and IV contains four, five, 
six and eight positive charges, respectively; this may underlie 
the proposal that the successive transitions among several closed 
states are fast and involve less charge movement than the slow 
transition from the last closed state to the open state??. 

As the minimum cross-section of the sodium channel is 
thought to be 3x 5 A (refs 33, 34), at least one helical segment 





prSCH82 and prSCH93, the synthetic oligodeoxyribonucleotide primers 
S'"TTCCCCCGTGGTGTA-3' (complementary to nucleotides 4,105- 
4,119 in prSCH202) and 5'-ACTGACGAACTCTCC-3' (complementary 
to nucleotides 1,452-1,466 in prSCH9 and prSCH78) were elongated 
using a mixture of 3 nmol of the former primer and 2 nmol of the latter 
primer and 200 wg of rat brain poly(A)* RNA (see above). Selection 
of the cloned cDNA transcripts (~4 x 10* transformants) by hybridiz- 
ation at 60°C with the EcoRI(3,068)- EcoRI(3,362) fragment from 
prSCH11 and with the Hinf1(1,144)-PstI(1,396) fragment from prSCH9 
yielded two (for example, prSCH82) and five (for example, prSCH93) 
positive clones, respectively. DNA sequencing was done using the 
method of Maxam and Gilbert ^; both strands were sequenced, except 
for a small portion of the 3'-noncoding sequence (nucleotides 8,309- 
8,343) of the sodium channel II cDNA. The clones that were subjected 
to DNA sequencing were as follows. Sodium channel I: prSCH74 
(carrying nucleotides —251 to 1,624), prSCH71 (1,245-2,709), prSCH28 
(1,724-3,389 with a deletion of 2,011-2,043), prSCH109 (3,234-8,147), 
prSCHS (4,561-6,039). Sodium channel II: prSCH93 (—210 to 1,458), 
prSCH9 (979-1,511), prSCH78 (1,336-3,359), prSCH11 (2,139-3,428), 
prSCH82 (2,983-4,119), prSCH202 (3,669-7,682), prSCH207 (4,234- 
8,343; nucleotides 4,290-7,553 were not sequenced). The restriction 
maps and sequencing strategy are available from the authors on request. 
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Fig.2 a, Proposed transmembrane topology of the sodium chan- 
nels; b, proposed arrangement of the transmembrane segments 
viewed in the direction perpendicular to the membrane. In a, the 
four units of homology spanning the membrane are displayed 
linearly. Segments S1-S6 4n each repeat (I-IV) are indicated by 
cylinders as follows: S1, cross-hatched; S2, stippled; S3, hatched; 
54, indicated by a plus sign; 55 and S6, solid. Putative sites of 
N-glycosylation (CHO) are indicated. In b, the ionic channel is 
represented as a central pore surrounded by the four units of 
homology. Segments S1-S6 in each repeat (I-IV) are represented 
by circles indicated as in a. 


from each repeat would participate in forming tbe inner wall 
of the channel at the narrowest point. Remarkably, segment S2 
in every repeat contains, at equivalent positions, a glutamic acid 
residue (positions 169, 839, 1,305 and 1,626 in the aligned 
sequences) and a lysine residue (positions 173, 843, 1,309 and 
1,630), which are conserved in all three sodium channels. These 
acidic and basic residues are located on one side of the a-helix. 
In addition, segment S2 in repeats I and III contains a conserved 
glutamic acid or aspartic acid residue (positions 159 and 1,295) 
located 10 residues from the above-mentioned glutamic acid on 
nearly the same side of the a-helix; segment S2 in repeat III 
has two more conserved charged residues (glutamic acid at 
position 1,292 and lysine at position 1,296), which face another 
side of the a-helix. In view of the high degree of conservation 
of the charged residues in segment S2, it is tempting to hypothe- 
size that this segment forms the inner wall of the channel . 
(Fig. 2b). 

Segment 53 in every repeat also contains a conserved aspartic 
acid residue (positions 195, 861, 1,327 and 1,647) at an 
equivalent position. It is an intriguing speculation that this 
aspartic acid, which may be paired with a basic residue in 
segment S4 in the closed state of the channel, may be shifted 
by depolarization to interact with the lysine present in segment 
S2 of every repeat; this would cause a conformational change 
of the putative channel wall and simultaneously mask the posi- 
tive charge on the channel lining to allow sodium ions to pass 
through the central pore. Clusters of positively charged residues 
(predominantly lysine) and of negatively charged residues are 
conserved in the regions preceding segment S1 and following 
segment S6 of repeat IV, respectively. It is conceivable that these 
segments, which are assigned to the cytoplasmic side of the 
membrane, are involved in the inactivation of the sodium 
channel??, 

Poly(A)* RNA from adult rat brain, skeletal muscle and 
cardiac muscle was subjected to blot hybridization analysis with 
cDNA probes for rat brain sodium channels I and II (Fig. 3a, 
b). The brain contained RNA species of —9,000 and —9,500 
nucleotides that were hybridizable with the sodium channel I 
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Fig. 3 Autoradiogram of blot hybridization analysis of poly(A)* 
RNA from excitable tissues with sodium channel I (a) and II (b) 
cDNA probes. Poly(A)* RNA (20 pg) from whole brain (lane 1), 
skeletal muscle (lane 2), cardiac muscle (lane 3) and liver (lane 
4) of male Wistar rats (—200 g body weight) was denatured with 
1 M glyoxal and 50% dimethyl sulphoxide, electrophoresed on a 
1.2% agarose gel and transferred to a nitrocellulose filter?. The 
filter was divided into two portions and subjected to hybridization 
with the Hind1II(3,534)- Ніпа111(5,811) fragment from prSCH109 
(a) ог the SacI(3,931)- EcoRI(5,869) fragment from m prSCH202 
(b). The probes were labelled by nick-translation*® with [a- 
3*P]dCTP. Autoradiography was performed for 10h (lane 1) or 
72 h (lanes 2-4). The size markers used were rat and Escherichia 
coli ribosomal RNAs. 


and II cDNA probes, respectively, in comparable amounts 
(Fig. 3, lanes 1). These sizes are consistent with those expected 
from the cloned cDNAs. The cardiac muscle also contained two 
RNA species that were hybridizable with the respective cDNA 
probes and indistinguishable in size from the brain mRNAs, 
although the hybridization signals were much weaker (Fig. 3, 
lanes 3); note the difference in the duration of autoradiography 
(see Fig. 3 legend). No hybridizable RNA species were detected 
with the skeletal muscle RNA (lane 2) or with the liver RNA 
used as a control (lane 4). The weak or undetectable hybridiz- 
ation observed with the cardiac muscle and skeletal muscle 
RNAs may be accounted for either by their low content of the 
sodium channel mRNAs or by the presence of different sodium 
channel mRNAs in these tissues. It has been reported that adult 
tat cardiac muscle contains a sodium channel species with a 
low affinity for tetrodotoxin, in addition to a species of sodium 
channel that, like the brain counterpart, has a high affinity for 
the toxin, and that the concentration of the high-affinity sodium 
channel is much lower than that of the low-affinity sodium 
channel’*"!, The structurally distinct sodium channels encoded 
by the mRNAs found may be responsible for the different types 
of sodium currents observed in excitable (івөшев 4:19, 
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It is generally accepted that a globular protein in its native state 
adopts a single, well-defined conformation. However, there have 
been several reports that some proteins may exist in more than 
one distinct folded form in equilibrium. In the case of staphylococ- 
cal nuclease, evidence for multiple | conformations has come from 
electrophoretic and NMR studies!-*, although there has been some 
controversy as to whether these are actually interconvertible forms 
of the same molecular species™®. Recently, magnetization trans- 
fer(MT)-NMR has been developed as a means of studying the 
kinetics of conformational transitions in proteins’. In the study 
reported here, this approach has been extended and used to demon- 
strate the presence of at least two native forms of nuclease in 
equilibrium and to study their interconversion with the unfolded 
state under the conditions of the thermal unfolding transition. The 
experiments reveal that two distinct native forms of the protein 
fold and unfold independently and that these can interconvert 
directly as well as via the unfolded state. The spectra of the different 
forms suggest that they are structurally similar but the MT experi- 
ments show that the kinetics of folding and unfolding are quite 
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Fig.1 а, 500-MHz 'H-NMR spectrum of nuclease (100 mg ml^!), 
PH 5.5 in 200mM deuterated sodium acetate solution (37 °C). 
Backbone amide protons have been exchanged for deuterons to 
. reveal the resonances of the His H^ protons. The asterisks denote 
histidine resonances of minor folded forms of the protein. F denotes 
a non-protein impurity. b, Spectrum of nuclease; same sample as 
in a but at 55 *C. 
Methods. The nuclease used in these experiments was produced 
by a recombinant expression construct in which the nuclease gene 
cloned from S. aureus Foggi strain was under the control of the 
Аы, promoter in the vector pAS1 (R.O.F., unpublished). The pro- 
tein produced contains the additional N-terminal sequence fMet- 
Asp-Pro-Thr-Val-Tyr-Ser beyond the nuclease А sequence”. 
Nuclease produced in E. coli was isolated to >95% purity on a 
phosphocellulose column developed with a linear gradient of 0.3 M 
ammonium acetate, pH 6 to 1.0M ammonium acetate, pH 8 
(ref. 20). 


different. Characterization of this behaviour will, therefore, have 
important implications for our understanding of the relationship 
between structure and folding kinetics. 

The Ca?*-dependent nuclease of Staphylococcus aureus (EC 
3.1.4.7) has been used extensively in folding studies because of 
its small size (149 residues), the reversibility of unfolding in 
vitro and the absence of disulphide crosslinks (reviewed in refs 
8-10). The structure of a crystal of the nuclease has been deter- 
mined to 1.5-A resolution, revealing extensive æ- and -struc- 
ture in the folded бізге 17, In the present study we have used 
a protein obtained by expression of the recombinant nuclease 
gene in Escherichia coli. This protein includes additional residues 
at the N-terminus, part of a sequence which is cleaved from the 
mature protein in S. aureus. 

Part of the 'H-NMR spectrum of the nuclease in native 
conditions is shown in Fig. 1a. The Н" (C2H) resonances of 
the four histidines are prominent and are accompanied by 
several smaller peaks. Each minor resonance has a chemical 
shift comparable to that of one of the major peaks and these 
relationships persist throughout the pH range over which the 
resonances titrate. This result suggests that the minor peaks are 
due to one or more folded forms which are native-like but 
distinct from the major form. Here we consider one pair of 
resonances (labelled H4 and H4* in Fig. 1) which are sufficiently 
well resolved to permit detailed NMR studies. 

The relative intensities of the major (H4) and minor (H4*) 
resonances change reversibly with temperature, which shows 
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Fig. 2 Single-saturation magnetization transfer experiments on 
nuclease, pH 5.5 (55°C) a, A ‘blank’ spectrum in which a pre- 
saturation pulse was applied at a frequency at which no protons 
resonate. b, c, Difference spectra obtained by subtraction from a 
of'spectra acquired in an interleaved fashion in which individual 
resonances (denoted by the arrows) have been selectively saturated. 
The vertical scale of the difference spectra is four times that of 
spectrum a. In b, H4*, a resonance of a minor folded state, was 
irradiated for 3s before observation of the spectrum. In c the 
saturation pulse was applied to the resonances of the unfolded 
state. The selectivity of the saturation in these experiments was 
checked by carrying out control experiments at lower temperatures 
where there is no measurable magnetization transfer. 


that they arise from different states of the same molecule in 
equilibrium. Moreover, on forming a ternary complex with Са?" 
and thymidine 3',5'-diphosphate, H4* is lost from the nuclease 
spectrum, suggesting that the stabilization afforded by binding 
the ligands displaces the equilibrium in favour of the major 
folded form. 

In the spectrum shown in Fig. 1b, the temperature has been 
raised to 55°C, which is in the transition zone of reversible 
thermal unfolding. The resonances of the folded forms are now 
accompanied by those of the unfolded protein, whose His H“ 
peaks are clustered between 8.3 and 8.4 parts per 10^ (p.p.m.). 
We have studied the processes of interconversion of the different 
states through a series of MT experiments. If a resonance of 
the protein in one state is selectively perturbed, the correspond- 
ing resonances in the other states may in turn be affected as a 
result of chemical exchange between the states. Figure 2 presents 
difference spectra showing the effects of saturating individual 
resonances and allowing the system to equilibrate in the presence 
of the perturbation. In these conditions the resonance intensity 
of a site in exchange with that which has been irradiated will 
depend on the rate of magnetization transfer from this site 
compared with its spin-lattice relaxation rate^!?:!^, 

Figure 2b shows the effect of selective saturation of H4* in 
the conditions of the thermal unfolding transition. Decreases in 
the intensities of H4 and of the corresponding unfolded-state 
resonance, D, demonstrate directly that all three states are 
interconverting under these conditions. Figure 2c shows the 
effect of saturating the D resonance: as expected, both H4 and 
H4* are affected but the effect оп H4* is proportionately much 
greater. As the spin-lattice relaxation times of H4 and H4* are 
comparable, this result shows that the equilibrium unfolding 
rate of the minor species, N*, is much greater than that of the 
major folded form, N. The effect on D of saturating H4 is also 
much smaller than when H4* is saturated, which shows that the 
overall rate of conversion of D to N is smaller than that to N", 


ms = LETTERSTONATURE 





although further interpretation of this result is complicated by 
the possibility that the unfolded state is not kinetically 
homogeneous. We shall discuss this further below. 

These single-saturation experiments alone do not reveal the 
pathways of interconversion in such a multi-site system. To 
address this problem we have extended the MT approach to 
measure the effects of simultaneous saturation of two reson- 
ances. Figure 3 compares the effect of saturating H4* alone with 
saturating H4* and D together. The difference spectrum shows 
clearly that the extent of saturation transfer to H4 increased 
when both resonances were saturated; this means that magnetiz- 
ation transfer can occur directly between N and D without the 
need to be relayed through N*, excluding the possibility that 
N* is a required intermediate for the folding and unfolding of 
М. Similarly, saturation of both D and НА leads to a larger effect 
on H4* than saturation of H4 alone, which reveals direct mag- 
netization transfer from H4* to D and thus confirms that the 
different native forms unfold independently. Furthermore, we 
found that while D was saturated, direct magnetization transfer 
between H4 and H4* was detectable; this shows that the different 
folded forms can interconvert without the need to pass through 
the unfolded state. Magnetization transfer between H4 and H4* 
was not measurable at significantly lower temperatures, 
however, showing that there is a substantial energy barrier to 
this process. 

The above experiments have thus revealed mutual exchange 
between at least three states of nuclease under the experimental 
conditions: 





This conclusion is based on the behaviour of one of the four 
histidines, H4. Minor resonances are also evident for the other 
histidines and elsewhere in the spectrum. At least some of these 
resonances show behaviour very similar to H4* in a two- 
dimensional MT experiment and it seems likely that these arise 
from a common minor component. It has been possible, 
however, to observe that the intensity of another minor peak 
changes relative to that of H4* on variation of the temperature. 
Further, unlike H4*, it is still present in the spectrum of the 
inhibited nuclease. This result shows that there could, in fact, be 
more than a single equilibrium among folded species. Although 
it is not possible to define the conformations of the different 
states, they are clearly not very different. For example, each of 
the minor histidine resonances has a chemical shift similar to 
that of one of the major peaks, and their pH dependences 
demonstrate that the pK, values in the different states are very 
similar. 

Another aspect which must be considered concerns the possi- 
bility of spectroscopically unresolved heterogeneity of the 
unfolded state arising from cis-trans isomerism of proline pep- 
tide bondsP, which is of particular interest because this could 
also be the origin of the heterogeneity of the folded protein. It 
is known that RNase A, for example, has a metastable form 
which contains a non-native proline isomer!$, and it is possible 
that in some circumstances such species could be sufficiently 
stable to be populated at equilibrium. In this case the scheme 
would be extended thus: 





The MT experiment will allow us to test these models by examin- 
jng the time course of development of the effects. 

Globular proteins have usually been observed to equilibrate 
rapidly about a single average structure in solution. Evidence 
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Fig. 3 Double-saturation magnetization transfer experiment on 
nuclease, pH 5.5 (55°C). In spectrum a the H4* resonance was 
saturated for 3s before observation. In spectrum b, which was 
acquired in an interleaved fashion, both H4* and the resonances 
of the unfolded state were saturated. c, The differences between 
the two spectra. The simultaneous double saturation was achieved 
by applying a single selective 3-s pulse to H4* in the normal way 
while simultaneously applying a DANTE pulse?! of the same 
duration to the resonances of the unfolded state. 


now exists, however, for multiple folded forms of similar stability 
in the cases of nuclease and some other proteins, including 
dihydrofolate reductase!^!*, We have demonstrated here that 
MT studies constitute a powerful tool for the elucidation of 
pathways of conformational interconversion in these Systems. 
We anticipate that the existence of alternative stable folded 
states will provide unique possibilities for elucidating the effects 
of single-site mutations on folding. 
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Predisposition to helminth 
infection in man 


I FIND it difficult to accept the basic 
assumptions made by Anderson and May! 
in their model of herd immunity, at least 
asitapplies to schistosome infection. They 
initially assume that certain individuals 
are predisposed to heavy infections. In 
field studies of individuals with treated 
Schistosoma mansoni infections’, this was 
not the case. The supposition is supported 
by studies of hookworm infections*. Even 
if predisposition to heavy schistosome 
infection were shown to exist, it would be 
premature to attribute this to lack of 
immunity or to assume that such 
individuals cannot be successfully vac- 
cinated. 

Anderson and May also assume that 
immunity to schistosome infection is cor- 
related with the intensity of infection and 
cite the more rapid decline in faecal egg 
counts in a heavily infected population 
examined by Siongok et a? compared with 
more lightly infected persons examined by 
Abdel-Wahab et al. My objections here 
are that the difference in faecal egg counts 
between these populations was not great 
(464 eggs per g of faeces in 5-9-yr-old 
males in the study by Abdel-Wahab et ai. 
and 650 eggs per g in the groups examined 
by Siongok et al?) and the report of 
Ongom and Bradley’ is not cited. In this 
last study the decline in egg excretion was 
gradual although 5-9-yr-old boys excreted 
an average of 793 eggs per g faeces. In the 
very lightly infected populations in Puerto 
Rico and St Lucia (geometric means of 
20-30 eggs per g faeces in 5-9-yr-olds), 
egg excretion was maintained at relatively 
stable levels for many years??. Resistance 
of mice to reinfection is clearly related to 
infection intensity!^, but a large part of 
this resistance is nonspecific’! and is 
related to infection intensities that gen- 
erally are not relevant for humans". 

The experimental study by Crombie and 
Anderson" also presents problems and 
does not provide convincing evidence for 
the death of significant numbers of S. 
mansoni worms in mice. Although dead 
worms are visible in the livers of mice for 
months after treatment’, I rarely encoun- 
ter them in the livers of untreated mice. 
Certainly, the more heavily infected mice 
die sooner than the less heavily infected 
ones, a point considered by the authors 
but dismissed, without presentation of 
data, as a cause of decreasing intensity of 
infection with time. The mouse model is 
an inherently difficult one in which to pur- 
sue this point, as nearly all chronically 
infected mice develop large portal- 
systemic collateral veins with resultant 
shunting of some worms into the pul- 
monary circulation (my unpublished 
data), where their survival is probably 
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limited. Such collaterals also develop in 
patients with severe disease, but such 
patients form a small part of the popula- 
tion and would not be important epi- 
demiologically. 
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ANDERSON ET AL. REPLY— The assump- 
tion of predisposition to heavy (or light) 
infection is not central to the framework 
of our model’ of herd immunity to hel- 
minth infection (see equations (1) and (2) 
of ref. 1). Itis simply an optional extension 
which can be used to investigate the poten- 
tial influence of heterogeneity in either 
exposure to infection (that is, behavioural 
factors) or the host's ability to restrict 
parasite establishment and survival (that 
is, immunological factors which may be 
under genetic control) on the transmission 
and control of helminths in human com- 
munities. Such heterogeneity is a central 
feature of the epidemiology of helminths, 
as indicated by the high degrees of aggre- 
gation observed in parasite distributions 
within human populations?. However, the 
interesting issue raised by Cheever centres 
on the question of whether or not predis- 
position is an important component of the 
epidemiology of schistosome parasites. 
We believe it is. The two studies cited by 
Cheever do not address the statistical 
question of whether there is a positive 
association (in large samples of people, 
stratified according to age and sex) 
between faecal egg counts in individual 
patients before treatment and after an 
interval of reinfection following 
chemotherapy’. The first such analysis of 
this question’ for Schistosoma mansoni 
infection in a rural community in 
Кепуа56 reveals a highly significant posi- 


tive association (12-month period of rein- 
fection in 8-15-yr-old children, Kendall's 
т-0.347, n=117, Р<0.0001; ref. 7) 
between pretreatment egg counts (in eggs 
per g, e.p.g.) and counts following an 
interval of reinfection after 
chemotherapeutic treatment’. Whether 
this observed pattern is a consequence of 
differences in contact with infection, or in 
immunological competence of the host, is 
unclear at present. Work in progress (the 
same field study^5) on individual patterns 
of contact with water and faecal egg output 
should improve our understanding of this 
issue. More broadly, recent field studies 
record evidence for predisposition to 
heavy infection with Ascaris*?, hook- 
worm’? and Trichuris!!. 

We disagree with Cheever's interpreta- 
tion of the relevant data on the question 
of a positive association between the force 
of transmission and the degree of con- 
vexity of age-intensity of infection profiles 
(Fig. 1b in ref. 1). In the 5-9-yr-old age 
classes in the two studies we cited' ^'^, the 
intensity of infection (mean e.p.g. per per- 
son sampled, including boys and girls) was 
690 eggs per g faeces in the high trans- 
mission area and 144 eggs per g in the low 
transmission area. Furthermore, in the 
study of Ongom and Bradley'^ (within a 
high transmission area of Uganda), the 
average intensity of infection (boys and 
girls) fell from a maximum of 1,128 eggs 
per g of faeces in the 5-9-yr-old class to 
a minimum of 404 eggs per g of faeces in 
the 40-49-yr-old class; again, a marked 
convex pattern was associated with a high 
net force of transmission. The studies in 
Puerto Rico and St. Lucia!*!$, cited by 
Cheever, further support our argument, as 
in these areas of low transmission 
intensity, mean faecal egg counts remain 
relatively stable over a wide range of age 
classes. More generally, a recent statistical 
study, using a range of epidemiology sur- . 
veys for S. mansoni and Schistosoma 
haematobium, of the relationship between 
the maximum average intensity of infec- 
tion (commonly in the child/teenage age 
groups) and the rate of decline in average 
intensity from child to adult groups reveals 
a highly significant positive correlation 
(J.A.C., unpublished). 

With respect to our experimental 
studies", juvenile and dead adult worms 
were recovered from mice throughout the 
long periods of repeated exposure to infec- 
tion; this suggests that populations of 
adult parasites in individual mice are sub- 
ject to continual recruitment and mor- 
tality. We discounted parasite-induced 
host mortality as the major cause of the 
convex profiles of change in mean parasite 
burden with duration of exposure 
(= mouse age) (Fig. 1a in ref. 17) as at all 
sampling points in the trickle studies, the 
distribution of worm numbers per mouse 
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in each sample remained Poisson in form 
(as predicted by stochastic models of 
immigration-death processes!?). Within a 
cohort of inbred mice repeatedly exposed 
to the same level of infection, underdisper- 
sion in parasite numbers per host would 
have resulted, especially in the latter part 
of the experiment when mean worm bur- 
dens declined, if the host mortality were 
linked directly to worm burden? (the 
rapid elimination of heavily infected 
animals acting to decrease the variance 
within a sample). 

More generally, we agree that mice are 
not ideal models for the study of schisto- 
some infections of man. However, our aim 
was to show that experimental studies of 
immunity to helminth parasites, based on 
repeated exposure to low levels of infec- 
tion (as is thought to occur in human 
communities within areas of endemic 
infection), produce results that are not 
always in accord with more conventional 
experimental designs based on primary 
infection and a single subsequent chal- 
lenge. 
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Cause of the ‘inhibitor’ 
phenotype in the haemophilias 


Following the paper by Gitschier et al.', 
we feel that a brief comment on their data 
and our earlier findings in haemophilia B? 
may help to clarify, or generate ideas that 
may lead to a better understanding of, the 
causes of the 'inhibitor' phenotype, a 
necessary step іп the development of a 
completely successful treatment. 

In 1983 we reported gross gene deletions 
in four out of five haemophilia B patients 
with the inhibitor phenotype, in support 
of the hypothesis that haemophilia B 
patients with inhibitors are predisposed to 
develop antibodies to factor IX as a result 
of mutations that prohibit the synthesis of 
a sufficiently normal factor IX protein and 
thus prevent the development of immune 
tolerance to normal factor IX. Of course, 
whether such a predisposition results in 
the inhibitor complication may depend 
on other factors such as the patient's 
genetic background and environmental 
experience: for example, the intensity 
and duration of treatment with normal 
coagulants. In four of our patients the 
predisposing mutation was a deletion of 
two-thirds or more of the factor IX coding 
sequence, but, of course, point mutations, 
frameshift mutations or shorter deletions 
could have had the same effect if they had 
occurred at positions which prevented the 
synthesis of a protein capable of inducing 
immune tolerance to normal factor IX. 
For example, the predisposing mutations 
might interfere with synthesis or process- 
ing of RNA, or might be mutations that 
affect the translation of messenger RNA 
into protein. 

Previously, we predicted that gross 
changes of the factor VIII(c) gene might 
be found in haemophilia A patients with 
inhibitors. Now, Gitschier et al! report a 
patient with a deletion involving exon 26 
which codes for the last 51 amino acids 
of factor VIII, and another with an aber- 
rant translation stop codon arresting trans- 
lation of the factor VIII nRNA 26 amino 
acids prematurely, neither of which are 
associated with antibodies to factor VIII. 
Conversely, a patient with a different aber- 
rant stop codon generating a truncated 
protein that is 124 amino acids short and 
another patient with a deletion comprising 
exons 23-25 which code for 157 amino 
acids, have both developed inhibitors. 
Such results seem in keeping with our 
observations in haemophilia B, since the 
loss of normal factor VIII epitopes in the 
latter two cases would be expected to be 
greater than in the first two cases of 
Gitschier et al.!, and hence more likely to 
result in defective immune tolerance to 
normal factor VIII. 

In haemophilia B four further inhibitor 
patients have shown gross gene deletions: 
one in the United Kingdom? and three in 
Italy (H. J. Hassan et al, F. Bernardi et 





al. and M. Pecorara et al., personal com- 
munications). These findings, of course, 
are at variance with the results of Gitschier 
et al. in haemophilia A, as many of their 
inhibitor patients did not show easily 
detectable gene defects. However, this is 
not the crux of the matter. What matters 
is whether the inhibitor complication 
arises in patients with mutations prevent- 
ing the development of immune tolerance 
or not. In other words, is the discrepancy 
between the findings in haemophilia A and 
B principally a result of a more complex 
aetiology of the inhibitor complication in 
haemophilia A or caused by the plurality 
of factor VIII defects which can prevent 
the development of immune tolerance to 
normal factor VIII, in keeping with the 
example of haemophilia B? 

We believe that the characterization of 
both the gene defects and the epitope 
specificity of the antibodies against factor 
VIII found in inhibitor patients would 
clarify the situation and reveal important 
immunological features of this coagula- 
tion factor. 


F. GIANNELLI 

Paediatric Research Unit, 
United Medical Schools of 
Guy’s and St Thomas’s Hospitals, 
Guy’s Tower, London Bridge, 
London SE1 9RT, UK . 

G. G. BROWNLEE 
Sir William Dunn School of Pathology, 
South Parks Road, 
Oxford OX1 5RE, UK 


1. Gitschier, J. et al. Nature 315, 427-430 (1985). 

2. Giannelli, F. et al Nature 303, 181-182 (1983). 

3. Peake, I. R., Furlong, B. L. & Bloom, A. L. Lancet i, 242-243 
(1984). 


Copies of articles from this 
publication are now available from 
the UMI Article Clearinghouse. 


Yes! I would like to know more about UMI Article 
Clearinghouse. І am interested in electronic 
ordering through the following system(s): 


C) DIALOG/Dialorder C] ITT Dialcom 
2 OnTyme “J OCLC ILL Subsystem 


CJ Other (please specify). 
ГИ am interested in sending my order by mail. 


T Please send me your current catalog and user instruc- 
tions for the system(s) I checked above. 


Мате 
Title —_ 
Institution/Company. 

Department LL LLL 
Адаг 

City — — бфафе — — Zip. 

Phone ( ) 


CleliltiGhouse 


Mail to: University Microfilms International 
300 North Zeeb Road, Box 91 Апп Arbor. MI 48106 


NATURE VOL. 320 13 MARCH 1986 





Mathematics 


Calculus. By HARLEY FLANDERS. W.H. 
Freeman: 1985. Pp. 984. ISBN 0-7167-1643-7. Np. 

Graph Theory With Applications to Algorithms and 
Computer Science. Y. ALVI, G. CHARTRAND, L. 
LESNIAK, D.R. LICK and G.E.WALL (eds). 
Wiley:1985. Pp.810. Hbk ISBN 0-471-81635-3. £46. 

Integration Theory. Vol. 1. Measure and Integral. 
By CORNELIU CONSTANTINESCU and KARL 
WEBER. Wiley:1985. Pp.520. ISBN 0-471-04479-2. 
£50.65. 

Oxford Logic Guides, Vol. 12: Boolean-Valued 
Models and Independence Proofs in Set Theory, 2nd 
Edn. By J.L. BELL. Clarendon Press:1985. Pp.165. 
ISBN 0-19-853241-5. £16. 

Principia Mathematica. By ISAAC NEWTON. 
Christian Bourgois Editeur:1985. Pp.376. Pbk ISBN 
2-267-00425-9. Np. 





Astronomy 


Anuario del Observatorio Astronómico 1985. IN- 
STITUTO. GEOGRÁFICO NACIONAL. Talleres 
del Instituto Geográfico, Madrid:1985. Pp.502. ISBN 
84-505-1088-0. Pts 400. 

Astronomy and Astrophysics Abstracts, Vol. 38. S. 
BOHME et al. (eds). Springer-Verlag:1984. Pp.919. 
ISBN 3-540-15562-710-387-15562-7. DM 189. 

Astronomy and Astrophysics Publications from D. 
Reidel Publishing Company, Fall 1985. D. 
Reidel:1985. Pp.200. Pbk np. 

The Atmosphere of Venus: Recent Findings. G.M. 
KEATING, A.J. KLIORE and V.I. MOROZ (eds). 
Pergamon:1985. Pp.201. Pbk ISBN 0-08-033223-4. 
Np. 
Birth and Infancy of the Stars. Proceedings of the 
Les Houches Summer School,Session XLI, 8 August - 2 
September, 1983. Elsevier:1985. Pp.846. Hbk ISBN 
0-444-86917-4. Dfl. 430. $159.25. 

Glimpsing an Invisible Universe: The Emergence of 
X-Ray Astronomy. By RICHARD F. HIRSH. Cam- 
bridge University Press:1985. Pp.186. Pbk ISBN 0- 
521-31232-9. Pbk £8.95. —— 

Ices іп the Solar System. JURGEN KLINGER et al. 
(eds). Reidel:1985. Pp.954. ISBN 90-277-2062-2. Dfi. 
290, $99, £80.50. 

Planetary Landscapes. By R. GREELEY. Allen & 
Unwin:1985. Рр.265. Hbk ISBN 0-04-551080-6. 
£44.95. 

Protostars and Planets II. DAVID C. BLACK and 
MILDRED SHAPLEY MATTHEWS (eds). Uni- 
versity of Arizona Press:1985. Pp.1293. Hbk ISBN 
0-8165-0950-6. $45. 

Venus: An Errant Twin. By ERIC BURGESS. Col- 
umbia University Press:1985. Pp.160. Hbk ISBN 0- 
231-05856-X. $29.95. 


Physics 

Advances in Infrared and Raman Spectroscopy, 
Vol. 12. R.J.H. CLARK and R.E. HESTER (eds). 
Wiley:1985. Pp.360. ISBN 0-471-90674-3. £72. 

Applications of Plasma Processes to VLSI Technolo- 
gy. TAKUO SUGANO (ed.). Wiley:1985. Pp.394. 
Hbk ISBN 0-471-86960-0. £46. 

Applied Classical Electrodynamics, Vol. 1: Linear 
Optics. F.A. HOPF and G.I. STEGEMAN. 
Wiley:1985. Рр.262. Hbk ISBN 0-471-82788-6. 
£30.65. 

Classical Electrodynamics. By ROMAN S. IN- 
GARDEN and ANDREZJ JAMIOLKOWSKI. 
Elsevier:1985. Pp.350. ISBN 0-444-99604-4. $86.50. 

Computer Aided Chemical Thermodynamics of 
Gases and Liquids: Theory, Models, Programs. By 
PAUL BENEDEK and FERENC OLTI. Wiley:1985. 
Pp.731. Hbk ISBN 0-471-87825-1. £86.95. 

Current Topics in Photovoltaics. T.J. COUTTS and 
J.D. MEAKIN (eds). Academic:1985. Pp.279. ISBN 
0-12-193860-3. $62, £50. 

Diffractive Processes in Nuclear Physics. By W.E. 
FRAHN. Oxford University Press:1985. Рр.179. 
ISBN 0-19-851512-X. £22.50. 





BOOKS RECEIVED 


Galaxies, Axisymmetric Systems and Relativity. 
M.A.H. MACCALLUM (ed.). Cambridge University 
Press:1985. Pp.300. Hbk ISBN 0-521-30812-7. £25, 
$49.50. 

High-energy Ion-atom Collisions, Second Work- 
shop. D. BERENYI and G. HOCK (eds). Akadémiai 
Kiadó, Budapest:1985. Pp.306. ISBN 963-05-4091-6. 
£28.50. 

Integral Systems in Statistical Mechanics. G.M. 
D'ARIANO, A. MONTORSI and M.G. RASETTI 
(eds). World Scientific:1985. Pp.169. ISBN 9971-978- 
11-3. £29.65. : 

Introduction to Magnetic Recording. ROBERT M. 
WHITE (ed.).dnstitute of Electrical and Electronics 
Engineers:1985. Pp.307. ISBN 0-87942-184-3. Np. 

Memory Function Approaches to Stochastic Prob- 
lems in Condensed Matter. M.W. EVANS, P. GRI- 
GOLINI and G. PASTORI PARRAVICINI (eds). 
Wiley:1985. Рр.556. Hbk ISBN 0-471-80482-7. 
£86.90. 

The Metallic and Nonmetallic States of Matter. P.P. 
EDWARDS and C.N.R. RAO (eds). Taylor & 
Francis:1985. Pp.427. Hbk ISBN 0-85066-321-0. £40. 

Multiple Photon Infrared Laser Photophysics and 
Photochemistry. By V.N. BAGRATASHVILI, V.S. 
LETOKHOV, А.А. MAKAROV and ЕА. 
RYABOV. Harwood Academic Publishers:1985. 
Pp.512. Hbk ISBN 3-7186-0296-5. $65. 

Nonequilibrium Phonon Dynamics. WALTER E. 
BRON (ed.). Plenum:1985. Pp.679. ISBN 0-306- 
42008-2. $97.50. 

Perspectives in Particles and Fields, Cargese 1983. 
MAURICE LEVY, JEAN LOUIS BASDEVANT, 
DAVID  SPEISER, JACQUES WEYERS, 
MAURICE JACO and RAYMOND GASTMANS 
(eds). Plenum:1985. Pp.598. Hbk ISBN 0-306-42067- 
8. Np. 

Phenomena Induced by Intermolecular Interac- 
tions. Nato ASI Series. G. BIRNBAUM (ed.). 
Plenum:1985. Pp.792. Hbk ISBN 0-306-42071-6. Np. 

Physics of Disordered Materials. DAVID ADLER, 
HELLMUT FRITZSCHE and STANFORD R. 
OVSHINKY (eds). Plenum:1985. Pp.850. ISBN 0- 
306-42074-0. Np. 

Problems and Solutions in Electromagnetic Theory. 
By C.M. LERNER. Wiley:1985. Pp.614. Pbk ISBN 
0-471-88678-5. £35.75. 

Rates of Phase Transformations. By R.H. DORE- 
MUS. Academic:1985. Pp.176. Hbk ISBN 0-12- 
220530-8. £26, $29. 

Solid-State Sciences, Vol. 31. Statistical Physics II: 
Nonequilibrium Statistical Mechanics. Springer- 
Verlag:1985. Pp.279. ISBN  3-540-11461-0/0-387- 
11461-0. DM 98. 

Spherical Harmonics and Tensors for Classical Field 
Theory. By M.N. JONES. Research Studies 
Press:1985. Pp.230. ISBN 0-86380-028-9. £28.90. 

Springer Series in Optical Sciences: Integrated Op- 
tics. Н.Р. NOLTING and R. ULRICH (ed.). 
Springer-Verlag:1985. Pp.242. ISBN 3-540-15537-610- 
387-15537-6. DM 62. 

Tetrahedrally-Bonded Amorphous Semiconductors. 
DAVID ADLER and HELLMUT FRITZSCHE 
(eds). Plenum:1985. Pp.564. ISBN 0-306-42076-7. 
Np. 

Theory of Heavy Fermions and Valence Fluctua- 
tions. Springer Series in Solid-State Sciences 62. T. 
KASUYA and T. SASO (eds). Springer-Verlag:1985. 
Pp.287. Hbk ISBN 3-540-15922-3. DM 75. 

The Theory of Thermodynamics. By J.R. WALD- 
RAM. Cambridge University Press: 1985. Pp. 336. 
ISBN 0-521-24575-3. Np. 





Chemistry 


Advances in Organometallic Chemistry, Vol. 24. 
Academic: 1985. Рр. 470. ISBN 0-12-031124-0. 
$79.50, £69. 

Adventures with Atoms and Molecules: Chemistry 
Experiments for Young People. By ROBERT C. 
MEBANE and THOMAS R. RYBOLD. 
Enslow:1985. Pp.82. ISBN 0-89490-120-6. £10.95. 

Aspects of Chemical Evolution. By G. NICOLIS. 
Wiley:1985. Pp.286. ISBN 0-471-88405-7. £52.25. 





197 


Handbook of Aqueous Electrolyte Solutions: Physi- 
cal Properties, Estimation and Correlation Methods. 
By A.L. HORVATH. Ellis Horwood:1985. Pp.631. 
Hbk ISBN 0-85312-894-4. £69.50. 

Homogeneous Catalysis with Compounds of Rho- 
dium and Iridium. By RONALD S. DICKSON. D. 
Reidel:1985. Рр.278. Hbk ISBN 90-277-1880-6 Dfl. 
135, £37.50, $44.50. 

Improved Hollow Cathode Lamps for Atomic Spec- 
troscopy. SERGIO CAROLI (ed.) Ellis Horwood: 
1985. Pp.232. ISBN 0-85312-707-7. £35 

Instrumental Methods in  Electrochemistry. 
SOUTHAMPTON ELECTROCHEMISTRY 
GROUP. Ellis Horwood:1985. Pp 443 ISBN 0- 
85312-875-8. $49.50. 

Molecular Spectroscopy: Modern Research, Vol. 
Ш. K. NARAHARI RAO (ed.). Academic:1985. 
Pp.452. ISBN 0-12-580643-4. $85, £85 

Structural Chemistry of Silicates: Structure, Bond- 
ing and Classification. By FRIEDRICH LIEBAU. 
Springer-Verlag:1985. Рр.347. Hbk ISBN 3-540- 
13747-5. DM 163. 


Technology 


Dictionary of Robotics. By HARRY WALDMAN. 
Collier Macmillan:1985. Pp.303. Hbk ISBN 0-02- 
948530-4. £35. 

Horticultural Engineering Technology: Field 
Machinery. By R. BALLS. Macmillan, London:1985. 
Pp.216. Pbk ISBN 0-333-36434-1. Pbk £12.50. 

The Manufacture of Soaps, Other Detergents and 
Glycerine. By EDGAR WOOLLATT Ellis Hor- 
wood, Chichester, UK:1985. Pp.473. Hbk ISBN 0- 
85312-567-8. £55. 

Microcircuit Engineering 84. A. HEUBERGER 
and H. BENEKING (eds). Academic:1985 Рр.563. 
ISBN 0-12-345750-5. $35, £29. 

Process Engineering Developments: The Subject 
Groups Symposium. Multi-Stream 85. INSTITU- 
TION OF CHEMICAL ENGINEERS Pergamon 
Press: 1985. Pp. 398. ISBN 0-08-031445-7. $27, £22.50. 

Radioisotope Techniques for Problem-Solving in In- 
dustrial Process Plants. J.S. CHARLTON (ed.). 
Leonard Hill:1986. Pp.320. Hbk ISBN 0-249-44171-3. 
£35. 

Research Techniques in Nondestructive Testing, 
Vol. ҮШ. R.S. SHARPE (ed.) Academic:1985. 
Pp.479. ISBN 0-12-639058-4. $99, £90. 

Rock Grouting, With Emphasis on Dam Sites. By 
F.-K. EWERT. Springer-Verlag:1985. Pp.420. Hbk 
ISBN 3-540-15252-0. DM 175. 

Satellite Broadcasting Systems: Planning and De- 
sign. By J.N. SLATER and L.A. TRINOGGA. Ellis 
Horwood:1985. Pp.168. Hbk ISBN 0-85312-864-2. 
£18.50. 





Computer Science 


How to Write a Usable User Manual. By EDMOND 
H. WEISS. ISI Press:1985. Pp.197. Pbk ISBN 0- 
89495-052-5. Pbk $14.95. 

Interface Fundamentals іп Microprocessor- 
Controlled Systems. By CHRIS J. GEORGO- 
POULOS. D. Reidel:1985. Pp.364. Hbk ISBN 90- 
277-2127-0. Dfl. 90, £24.95, $32. 





Earth Sciences 


Discours Sur les Revolutions de la Surface du Globe. 
By GEORGES CUVIER. Christian Bourgois 
Editeur:1985. Pp.335. Pbk ISBN 2-267-00424-0. Np. 

Evolution of Archean Supracrustal Sequences. L.D. 
AYRES, P.C. THURSTON, K.D. CARD and W. 
WEBER (eds). Geological Association of Canada: 
1985. Pp.380. ISBN 0-919216-24-2. $45. 

Geological Factors and the Evolution of Piants. 
BRUCE H. TIFFNEY (ed.) Yale University 
Press:1985. Pp.294. Hbk ISBN 0-300-03304-4. £25. 

Geology and Mineral Resources of West Africa. 
J.B. WRIGHT (ed.). Allen & Unwin:1985. Pp 187. 
ISBN 0-04-556001-3. £30. 


198 


Geology for Civil Engineers, 2nd Edn. By А.С. 
MCLEAN and C.D. GRIBBLE. Allen & 
Unwin:1985. Pp.314. ISBN 0-04-624006-3. Hbk £20; 
pbk £9.95. 

Geology in Petroleum Production. By A.J. DIK- 
KERS. Elsevier:1985. Pp.240. Hbk ISBN 0-444- 
42450-4. Dfl. 120, $44.50. 

Historical Events and People in Geosciences, WIL- 
FRIED SCHRODER (ed.). Verlag Peter Lang, Post- 
fach 277, CH-3000, Bern 15, Switzerland:1985. 
Pp.220. Pbk ISBN 3-8204-7472-2. Pbk SwFr. 48, 
$20.85. 

Ingenieur-geologische Probleme im Grenzbereich 
zwischen — Lockerund Festgesteinen. KARL- 
HEINRICH HEITFELD (ed.). Springer-Verlag: 
1985. Pp. 695. Pbk ISBN 3-540-15366-7. DM 148. 

Phytogeomorphology. By J.A. HOWARD and 
C.W. MITCHELL. Wiley:1985. Pp.222. Hbk ISBN 0- 
471-09914-7. £46. 

Soil Erosion and Conservation. S.A. EL-SWAIFY, 
W.C. MOLDENHAUER and ANDREW LO (eds). 
Soil Conservation Society of America:1985. Pp.793. 
ISBN 0-935734-11-2. $35. 

South African Ocean Colour and Upwelling Experi- 
ment. L.V. SHANNON (ed.). Sea Fisheries Research 
Institute, Capetown, South Africa:1985. Pp.270. Hbk 
ISBN 0-621-07386-5. Np. 

Tectonic Geomorphology. M. MORISAWA and 
J.T. HACK (eds). Allen & Unwin:1985. Pp.390. 
ISBN 0-04-551098-9. £25. 

Turbulence in the Ocean. By A.S. MONIN and 
R.V. OZMIDOV. D. Reidel:1985. Pp.247. Hbk 
ISBN 90-277-1735-4. Np. 

A Stratigraphical Index of Conodonts. A.C. HIG- 
GINS and R.L. AUSTIN (eds). Ellis Horwood, 
Chichester, UK:1985. Рр.263. Hbk ISBN 0-85312- 
641-0. £27,50. 





Environmental Sciences 


- Acid Rain: Économie Assessment. PAULETTE 
MANDELBAUM (ed.). Plenum:1985. Pp.287. Hbk 
ISBN 0-306-42102-X. Np. 

Air Pollutants Effects өп Forest Ecosystems. The 
Acid Rain Foundation: 1985. Pp.439. $45. 

The Assessment and Control of Major Hazards. IN- 
STITUTION OF CHEMICAL ENGINEERS. 
Pergamon:1985. Pp.454. ISBN 0-08-031444-9. £30, 
436. 

Determination of Organic Substances in Water, Vol. 
2. By T.R. CROMPTON. Wiley:1985. Pp.518. ISBN 
0-473 -90469-4, £49.95. 

Environmental Policies: An International Review. 
CHRIS C. PARK (ed). Croom Helm, Kent, UK: 
1985. Pp.315. Hbk ISBN 0-7099-2062-8. £22.50. 

Mutagenicity Testing in Environmental Pollution 
Control, F.K. ZIMMERMANN and R.E. TAYLOR- 
MAYER (eds). Wiley:1985. Pp.195. ISBN 0-85312- 
681-Х. £27.50. 

Regulating Industrial Risks: Science, Hazards and 
Public Protection. HARRY OTWAY and MAL- 
COLM PELTU (eds). The Butterworth Group, Kent, 
UK:1985. Pp.18I. Hbk ISBN 0-408-00740-0. £25. 

‘Selected Methods of Trace Metal Analysis. Blologi- 
cal and Environmental Samples. By JON C. VAN 
LOON. Wiley:1985. Pp.357. Hbk ISBN 0-471-89634- 
9. £56.25. Ў 





Biological Sciences 

Aphasia and Brain Organization. By IVAR REIN- 
VANG. Plenum:1985. Pp.195. ISBN 0-306-41975-0. 
Np. 
Arbrégé de Zoologie. 2. Vertébrés. By P.P. GRAS- 
SÉ. Masson:1985. Pp.184. Pbk ISBN 2-225-80576-8. 
F100. 

Atherosclerosis Reviews. Arachidonic Acid Metabo- 
lites. Vol. 13. RUTH JOHNSSON HEGYELI (ed.). 
Raven Press:1985. Pp.182. Hbk ISBN 0-88167-131-2. 
$49.50. 

Behaviour and Pathology of Aging in Rhesus 
Monkeys. ROGER D. DAVIS and CHARLES W. 
LEATHERS (eds). Alan R. Liss:1985. Pp.380. Hbk 
ISBN 0-8451-3407-8. £67.00. 


BOOKSRECEIVED 


Biology of Invertebrate and Lower Vertebrate Col- 
lagens. NATO ASI Series. A. BAIRATI and R. GAR- 
RONE (eds). Plenum:1985. Pp.583. Hbk ISNB 0-306- 
42078-3. Np. 

Biology of the Reptilia. CARL GANS, FRANK 
BILLETT and PAUL F.A. MADERSON (eds). 
Wiley:1985. Pp.763. ISBN 0-471-81358-3. £86.90. 

Body and Self: Elements of Human Biology, Be- 
haviour, and Health. By GEORGE BLOCH. W.H. 
Freeman:1985. Pp.313. ISBN 0-86576-041-1. £17.95. 

Calcium and Cell Physiology. DIETER MARME 
(ed.). Spring-Verlag:1985. Рр.390. ISBN 3-540- 
13841-2/0-387-13841-2. DM 128. 

Cancer Biology: Readings from Scientific American. 
Introductions by ERROL C. FREIDBERG. W.H. 
Freeman:1985. Pp.156. Pbk ISBN 0-7167-1751-4. Pbk 
$12.95. 

Cell Transformation. J. CELIS and A. GRAESS- 
MANN (eds). Plenum:1985. Pp.321. Hbk ISBN 0- 
306-42082-1. Np. 

Coléoptéres Scarabaeoidea. By J. BARAUD. Edi- 
tions Lechevalier, Paris:1985. Pp.651. Hbk ISBN 2- 
7205-0517-X. Np. 

Common Seaweeds of China, C.K. TSENG (ed.). 
Science Press, Beijing/Kugler, Amsterdam, The 
Netherlands:1985. Pp.316. ISBN 90-6299-012-6. Dfl. 
400. 

Control of Leaf Growth. N.R. BAKER, W J. 
DAVIES and C.K. ONG (eds). Cambridge University 
Press:1985. Pp.350. ISBN 0-521-30480-6. £22.50. 

Developmental Biology. By SCOTT F. GILBERT. 
Blackwell:1985. Pp.726. ISBN 0-87893-246-1. Np. 

Developmental Biology of Higher Fungi. D. 
MOORE ег al. (eds). Cambridge University Press: 
1985. Pp.615. ISBN 0-521-30161-0. Np. 

Developments in Biological Standardization. R. 
SPIER, B. GRIFFITHS and W. HENNESSEN (eds). 
Karger:1985. Pp.546. Pbk ISBN 3-8055-4043-4. Pbk 
DM 168, $59.75. 

Energetics of the Photosynthesizing Plant Cell. By 
L.N. BELL. Harwood:1985. Pp.402. ISBN 3-7186- 
0195-8. $175. 

Evolutionary Relationships Among Rodents: A 
Multidisciplinary Analysis. W. PATRICK LUCKETT 
and JEAN-LOUIS HARTENBERGER (eds). 
Plenum:1985. Pp.721. ISBN 0-306-42061-9. $110. 

Extracellular Matrix: Structure and Function. A. 
HARI REDDI (ed.). Alan R. Liss:1985. Pp.462. Hbk 
ISBN 0-8451-2624-5. £73.00. 

Fat-Soluble Vitamins: Their Biochemistry and Ap- 
plications. ANTHONY Т. DIPLOCK (ed.). 
Неіпетапп:1985. Pp.319. ISBN 0-434-90312-4. £22. 

` Fish Immunology. MARGARET J. MANNING 
and MARY Е. TATNER (eds). Academic:1985. 
Pp.374. Hbk ISBN 0-12-469230-3. £27.00, $32.50. 

Flying Squirrels: Gliders in the Dark. By NANCY 
WELLS-GOSLING. Smithsonian Institution Press: 
1985. Pp. 128. ISBN 087474-952-2. $24.95. 

Form and Function in Birds, Vol. 3. A.S. KING and 
J. McLELLAND (eds). Academic:1985. Pp.522. Hbk 
ISBN 0-12-407503-7. £90.00, $99.50. 

Frankia and Actinorhizal Plants. Developments in 
Plant and Soil Sciences, Val. 18. M. LALONDE, C. 
CAMIRE and J.O. DAWSON (eds). Martinus 
Nijhoff/Dr W. Junk:1985. Pp.208. Hbk ISBN 90-247- 
3214-X. Dfl.120, £33.25, $45.00. 

From Laurel Hill to Siler's Bog. The Walking 
Adventures of a Naturalist. By JOHN K. TERRES. 
Algonquin Books of Chapel Hill, PO Box 2225, 
Chapel Hill, North Carolina, USA:1985. Pp.227. Pbk 
ISBN 0-912697-26-1. $12.95. 

Frontiers in Histamine Research: A Tribute to Heinz 
Schild. C.R. GANELLIN and J.C. SCHWARTZ 
(eds). Pergamon:1985. Pp.442. ISBN 0-08-031989-0. 
$80. 

Frontiers in Physiological Research. D.G. GAR- 
LICK and P.I. KORNER (eds). Cambridge Universi- 
ty Press:1985. Pp.391. ISBN 0-521-26838-9. 167.50, 
$95. 

Fungal Dimorphism, with Emphasis on Fungi 
Pathogenic for Humans. PAUL J. SZANISZLO 
(ed.). Plenum:1985. Pp.395. Hbk ISBN 0-306-42020- 
1. Np. 

Hormona! Regulation of Plant Growth and Develop- 
ment. S.S. PUROHIT (ed.). Martinus Nijhoff:1985. 
Pp.412. ISBN 90-247-3198-4. Dfl. 200, $69.50, £55.50. 


NATURE VOL. 320 13 MARCH 1986 


Hormones and Cell Regulation: European Sympo- 
sium, Vol. 9. J.E. DUMONT, B. HAMPRECHT and 
J. NUNEZ (eds). Elsevier:1985. Pp.430. ISBN 0- 
7204-0657-9. $89. 

The Illustrated Encyclopedia of Dinosaurs. By Dr 
DAVID NORMAN. Salamander Books, London, 
UK:1985. Pp.208. Hbk ISBN 0-86101-225-9. £9.95. 

The Illustrated Tarka the Otter. By HENRY WIL- 
LIAMSON. Webb & Bower:1985. Pp.207. £12.95. 

Immunological Methods, Vol. 3. IVAN LEFKO- 
VITS and BENVENUTO  PERNIS (eds). 
Academic:1985. Pp.477. Hbk ISBN 0-12-442703-0. 
£48.50, $54.50. 

Institute of Terrestrial Ecology: Annual Report 
1984. Natural Environment Research Council:1985. 
Рр.188. ISBN 0-904282-84-8. Np. 

International Review of Cytology, Vol. 93. Genome 
Evolution in Prokaryotes and Eukaryotes. D.C. 
REANNEY and P. CHAMBON. Academic: 1985. 
Pp. 367. ISBN 0-12-364493-3. $49.50, £49.50. 

Islands in the Bush: A Natural History of the Kora 
National Reserve, Kenya. By MALCOLM COE. 
George Philip:1985. Pp.240. ISBN 0-540-01086-3. 
£14.95. 

The Living Isles: A Natural History of Brítain and 
Ireland. By PETER CRAWFORD. BBC Books: 
1985. Pp.320. Hbk ISBN 0-563-20369-2. £14.95. 

Longman Illustrated Dictionary of Biology: Living 
Organisms in All Forms Explained and Ilustrated. By 
NEIL CURTIS. Longman:1985. Pp.256. ISBN 0-582- 
89255-4. £3.95. 

Longman World Guide to Mammals. PHILIP 
WHITFIELD (ed.). Longman:1985. Pp.198. ISBN 0- 
582-89211-2. £12.95. 

Microenvironments in the Lymphoid System. 
G.G.B. KLAUS (ed.). Plenum:1985. Pp.1080. ISBN 
0-306-41917-3. Np. 

Multiple Choice Questions in Neurophysiology with 
Answers and Explanatory Comments. By LYNN 
BINDMAN and PETER ELLAWAY. Edward 
Arnold:1985. Pp.93. Pbk ISBN 0-7131-4474-2. Pbk 
£3.95. 

The Natural History of Otters. By PAUL CHANIN. 
Croom Неіт:1985. Pp.179. ISBN 0-7099-3460-2. 
£7.95. 

The Nature Watchers: Exploring Wildlife with the 
Experts. By R. BROWN and J. PETTIFER. Collins: 
1985. Pp. 240. Hbk ISBN 0-00-219149-0. £12.00. 

‘Lhe Neuropsychology of Individual Differences: A 
Developmental Perspective. LAWRENCE C. HART- 
LAGE and CATHY F. TELZROW (eds). Plenum: 
1985. Pp. 329. ISBN 0-306-41986-6. $35. 

The New Theory of Respiratory Dynamics. By A. 
GONZALEZ-BOGEN. Universidad Central de 
Venezuela, Epiciones de la Biblioteca, Caracas:1985. 
Pp.141. Pbk ISBN 3125901. Np. 

Notes of an Anatomist. By F. GONZELEZ- 
CRUSSI. Harcourt Brace Jovanovich:1985. Pp.144. 
ISBN 0-15-167285-7. $12.95. 

Nuclear Envelope Structure and RNA Maturation. 
EDWARD A. SMUCKLER and GARY A. CLAW- 
SON (eds). Alan R. Liss:1985. Pp.694. Hbk ISBN 0- 
8451-2625-3. £75.00. 

The Origins and Relationships of Lower Inverte-, 
brates. S. CONWAY MORRIS, J.D. GEORGE, R. 
GIBSON and H.M. PLATT (eds). Oxford University 
Press:1985. Pp.397. ISBN 0-19-857181-X. £45. 

The Oxford Dictionary of Natural History. 
MICHAEL ALLABY (ed.), DAVID ATTENBOR- 
ООСН (forward). Oxford University Press:1985. 
Pp.688. Hbk ISBN 0-19-217720-6. £20.00. 

Oxford Reviews in Reproductive Biology, Vol. 7. 
J.R. CLARKE (ed.). Clarendon Press:1985. Pp.409. 
ISBN 0-19-857540-8. Np. 

People of the Desert and Sea. Ethnobotany of the 
Seri Indians. By RICHARD FELGER and MARY 
BECK MOSER. University of Arizona Press:1985. 
Pp.435. $65. 

The Physiological Development of Fetus and New- 
born. C.T. JONES and P.W. NATHANIELSZ (eds). 
Academic:1985. Pp.837. ISBN 0-12-389080-2. $54, 
£49. 

Proteins of Iron Storage and Transport. G. SPIK, J. 
MONTREUIL, R.R. CRICHTON and J. MAZUR- 
IER (eds). Elsevier:1985. Pp.380. Hbk ISBN 0-444- 
89722-5. Dfl. 198, $73.25. 


nature 27 





NATURE VOL. 320 20 MARCH 1986 


199 


Turning point for nuclear power 


The British nuclear power programme is not alone by being in a mess, but its particular condition is a 
pointer to other faults in British industry — and to some general remedies. 


Tuar British nuclear power has fallen on bad times is well ` 


known, but not on that account especially shameful; other nuc- 
lear power programmes are also in the doldrums. But the causes 
of the British condition may be different from those elsewhere, 
and may also typify the more general sense of being moribund 
that pervades a large part of British industry. That is one reading 
of the admirable report on radioactive waste produced last week 
by the House of Commons Environment Committee (HMSO, 
£9.85), which is a level-headed and perceptive account of one 
part of the problem. Particular recommendations apart, the 
document sustains the more general belief that the perennial 
faults of British heavy industry are mismanagement, indecisive- 
ness and parsimony, all veiled from public scrutiny to such an 
extent that rational assessment of the zigzags of policy is virtual- 
ly impossible. 

The immediate British discontents have their origins in the 
well-documented sleep-walking decision of the first postwar 
British government to become, first, a military nuclear power 
and, then, a major producer of electricity from uranium. Then, 
two plutonium-producing reactors and a fuel reprocessing plant 
were built at a site called Windscale on the coast of Cumbria (as 
it now is) in north-west England. In 1957, less than two years 
after the Queen of Great Britain and Northern Ireland had 
opened on the same site the first of a chain of dual-purpose 
reactors (for making both electricity and plutonium), the fuel in 
one of the original reactors caught fire, releasing radioactivity 
(mostly iodine) in a much more serious nuclear accident than 
that at Three Mile Island a decade ago. Since then, Windscale 
has become a persistent source of public controversy about the 
leakage of radioactive materials, most but not all of which are 
inconsequential for the health of the general public and of those 
working at the plant. Much of this trouble is partly explained by 
the antiquity of the plant, the cramped condition of the Wind- 
scale site (now called Sellafield) and the degree to which its 
efficient management is hampered by the large amounts of 
radioactivity stored there, not merely in dedicated storage tanks 
and other facilities but in those patches of ground that have been 
contaminated by past accidents on the site. Yet within the past 
decade, the present owner of the site, nationalized British Nuc- 
lear Fuels Ltd, has embarked on the construction of a plant for 
reprocessing irradiated uranium oxide fuel, eventually to service 
British pressurized water reactors but, more immediately, to 
service reactors elsewhere in the world. 


Disposal 

This state of affairs is one of the principal reasons why the House 
of Commons committee embarked on its inquiry in the first 
place, and why its inquiry is concerned chiefly with waste dispos- 
al.. The first of the committee’s recommendations, technical 
though it may seem, illustrates the temper of its report. Present 
practice at Sellafield, as elsewhere in the British nuclear indus- 
try, is to classify radioactive wastes as low-level, intermediate- 
level and high-level wastes; materials of the first kind are buried 
beneath earth in ground trenches, those of the second kind are 
stored in silos (but there are plans to compact them and embed 
them in retrievable concrete blocks) and those of the third kind 


| 


are stored in artificially cooled tanks pending incorporation into 
vitreous solids beginning in the 1990s. The distinction between 
thé three categories ts based on the instantaneous radioactivity 
of the materials, with some allowance for the separate prop- 
erties of alpha and beta activity, as indeed radioactive waste 
materials have been classified for the past forty years in Britain. 
But why not, the committee asks, be more subtle and more 
sensitive, classifying materiais according to the elemental source 
of their activity? For, as every schoolchild knows, there is a 
world of difference between the health hazard of a few micro- 
becquerels of plutonium and of, say, strontium. 


Decisions 

Much in the same vein, the committee argues that circumstances 
have changed since the decision to build the oxide-fuel plant at 
Windscale was taken in 1978. In particular, the market price of 
natural uranium has fallen sharply, chiefly as a reaction to the 
general slump of interest in nuclear power, so that the economic 
case for reprocessing nuclear fuel (for the sake of the plutonium 
that might itself be used as fuel in breeder reactors) has declined. 


: This (see p.204) appears to be the basis for such opposition as 


remains to French activities of this kind, and the committee asks 
that the British government should mount an inquiry on the 


- subject, reconsidering the decision to build the oxide plant if the 


- economic case for going ahead is insubstantial. The committee's 


: doubts are reasonable enough, but they have been given prom- 


inence in its report only because of the way in which each new 
reprocessing plant has come to seem a potential source of furth- 
er unpredicted leaks of radioactivity, any one of which might be 
catastrophic. This, to the nuclear industry the most damaging of 
the committee's recommendations, is not so much an opinion 
about the economic justification of the reprocessing plant 
(whose builders say it will be paid for by contracts already 
signed) but a sign of diminished confidence in the managers of 
the plant to operate it safely. 

But have not the dangers of reprocessing been exaggerated? 
That is the natural defensive reaction of the Sellafield managers. 
So they have, and the House of Commons committee implicitly 
agrees, especially in its condemnation of the role of the Green- 
peace organization in giving public currency to an irresponsible 
newspaper fairy-tale (to the effect that the plant managers were 
planning a controlled experiment in which one group of children 
would be fed radioactive materials). Nor does the committee fall 
into the other familiar trap of supposing that because plutonium 
can be used for making nuclear weapons, it is somehow a con- 
tribution to a peaceful world if countries such as Britain refraín 
from extracting plutonium from their nuclear fuel (and which is 
part of the mistaken inspiration of the Carter Anti-Proliferation 
Act in the United States). The committee's unwillingness to be 
stampeded by exaggerations gives the general sense of its argu- 
ment greater force. 

The committee is at its best in its discussion of just this psycho- 
logical point, the degree to which general opinions of an orga- 
nization (or of acommittee’s report) are moulded by the spirit in 
which they are informed of it. The Sellafield managers have 
been given a rotten time, over the past several years, by the-way, - 
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in which each tiny release of radioactivity, not necessarily to the 
environment at large, has been blown up by sensation-mongers. 
But the committee is right to imply that the industry has helped 
to bring these troubles on itself by being less than whole- 
heartedly informative about its own problems. It is one thing to 
respond truthfully and fully to inquiries about the radioactivity 
in the environment, which the British nuclear industry now 
does, and another to be actively concerned to see that the 
general public is fully aware not merely of the vast difference 
between the hazards of, say, radioactive argon emitted from all 
nuclear power station stacks and that of plutonium dust such as 
may be carried into the atmosphere from reprocessing works. 
What the committee says the industry should be doing is to help 
its taxpayer constituents appreciate both the subtleties of the 
biological effects of radiation and the difficulty of the technical 
problems it faces. If there is an unusual cluster of leukaemia 
cases on the Cumbrian coast, the Sellafield managers have every 
interest to be the first to investigate. If one of the reasons why 
the planned vitrification of high-level waste hangs fire is the 
likely exposure of workpeople to volatiles in the glass melt, 
there is nothing to be lost by saying so. 

Timorousness of this kind is long since out of fashion, even in 
Britain, where traditionally it is born of the notion that the 
infallibility of organizations increases with their size and public 
importance. Especially because British Nuclear Fuels still hand- 
les military plutonium, and so is able to hug secrets to itself, it is 
especially prone to the tendency to believe that information 
about its affairs should be regulated by what it senses to be the 
need. Its perceptions have changed over the past decade, but 
there is still a long way to go before it will accept that to 
acknowledge the problems that exist is a necessary first step 
towards making the nuclear industry popular. Fair play, this is a 
trap into which many other British organizations have fallen. 

How should the British government respond (as it must) to 
the committee's report? The first need is to decide whether there 
should be yet another inquiry into the proposal to build an oxide 
reprocessing plant. (That in the 1970s took two years.) The 
simple answer is that there need not be, but that it should not be 
beyond the wit of sensible people to devise clear lines of author- 
ity and responsibility within the nuclear fuel company to ensure 
that the plant is managed well — and that it will be evident 
whose head should roll if it is not. Second, the government 
should accept the committee's relatively minor proposals that 
sea dumping should be set aside for the time being, until the 
international diplomacy as well as the technical assessment of 
this procedure has been carried out. Most important, the gov- 
ernment should decide (which seems to be its intention) that it 
will indeed sanction the building of more nuclear power stations 
once the report of the Layfield inquiry is available in the summer 
(five years after it was set up). There is nothing so likely to sap 
morale as to have nothing to do. But, even more important, the 
government must insist that the long-term problem of waste 
storage is tackled with the energy that it deserves. The nuclear 
industry has been talking of vitrification for years, and is espe- 
cially eloquent when inquiries are being held, but British de- 
velopment on the process has hung fire while there is still no 
assurance that this process is the best. 

How fair is it to generalize from the sad case of the nuclear 
industry, the feather in Britain's self-designed cap a mere thirty 
years ago, to British industry as a whole? The tendency towards 
secretiveness, especially about difficulties, is obvious. The habit 
of diluting both authority and responsibility for the successful 
management of important projects by allowing the intervention 
of boards of directors in matters outside their competence is 
commonplace. The general failure to recognize that long-term 
research may have a value that goes beyond the calculable 
economic return (in the nuclear case, by providing the public 
assurance without which nothing is possible) is another general 
failing. So, too, are the starts and stops of government policy, 
which ensure that successive governments change the economic 
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and social climate in which important industries must find a way 
to prosper. British nuclear engineers now envy their French 
colleagues and competitors. Should not British governments 
also seek to emulate the sense of continuity their French coun- 
terparts provide, not simply in the nuclear field? D 


Organization of research 


The chairman of Britain's smallest research 
council deserves an answer to an honest question. 


Sir Douglas Hague, the chairman of the British Economic and 
Social Research Council, will have lost more friends than he can 
have gained by his evidence to the House of Lords Select Com- 
mittee on Science and Technology earlier this week (on 18 
March) which is inquiring yet again into the organization of 
British civil science (perhaps because it had only a dusty answer 
from the government when it did so last, in 1981). For Hague is 
by reason of his office a member of the governing councils of 
British civil science, the Advisory Board for the Research Coun- 
cils (which divides the civil science cake) in particular; there will 
be many who say that politeness requires people not to complain 
about the organizations to which they belong, as Hague did this 
week by saying publicly that the board has slipped into the habit 
of telling the research councils what to do, thus blunting the 
division of responsibility between them and itself. 

Worse still, in the predictable opinion of some of those who 
will not be sending him Christmas cards in future, he endorsed a 
view put forward here at the end of last year that, in the interests 
of flexibility and of the academic research community which it 
exists to serve, the Science and Engineering Research Council 
should strive to make the Rutherford Appleton Laboratory a 
less conspicuous and costly part of its institutional overhead (see 
Nature 318, 587; 1985). Hague's particular anxiety is that the 
decision to spend £11 million on a new Cray computer for the 
laboratory will further enhance its permanence. In passing, he 
remarked on the anomaly that those who commit such sums to 
new projects, desirable though they may be, have rarely decided 
in advance which existing project they will axe in recompense. 

It will be a great misfortune if this rough talk is set aside simply 
because it is rough. For the past decade, the British research 
community has been forced by an unsympathetic government to 
jump through a series of unwelcome and even damaging hoops, 
chiefly of a financial character. In many ways, the process of 
concentrating funds on fewer institutions and fewer people has 
been handled in such a way as to create diseconomies. The 
precipitate closing of laboratories has often, for example, meant 
that people who might have earned their salaries have instead 
been paid pensions for doing nothing. It is also probable that the 
attempt to drive academics into the arms of industry has been 
counterproductively vigorous. But none of these injustices can 
be welded into a case for supposing that the self-administration 
of science is beyond reproach. That is the essence of Hague's 
complaints this week. 

What will the House of Lords make of it all? The case for 
nominating a political head of the research enterprise is as strong 
now as when the House of Lords made it five years ago. The 
greatest need is for some means of balancing the needs of civil 
and military research against each other. (Hague was asking, 
this week, why Britain has to spend 0.65 per cent of its Gross 
Domestic Product on public defence research and development 
when even France gets by on less.) There is also an urgent need 
to devise a mechanism for making sure that the research councils 
live up to their protestations, which have recently rightly tended 
to emphasize the importance and the need of support for 
academic science. Some, such as the agricultural and medical 
research councils, have made valiant if marginal efforts in this 
direction in the face of enormous difficulties, but for the system 
as a whole, run as it is by representatives of the research com- 
munity, there is a long way to go. o 
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NEWS 


No early prospects of 
decision on future flights 


Washington 

As the debate over how and whether to 
pay for a new space shuttle rages at the 
White House, the National Aeronautics 
and Space Administration (NASA) is 
trying to give shape to the agency’s future 
in the post-Challenger era. 

In testimony last week before the 
House Science and Technology Commit- 
tee, NASA acting administrator William 
Graham made it clear that shuttle flights 
are unlikely to resume before next Janu- 
ary. NASA estimates it will cost $350 mil- 
lion over the next two years for “anomaly 
resolution activities”. 

NASA is already launched on an ex- 
haustive safety analysis of shuttle systems. 
Although the presidential panel investi- 
gating the Challenger accident has yet to 
establish a cause, Graham conceded that 
changes in the solid rocket booster would 
probably be necessary and it would be 
“appropriate” to redesign the seal rings. 

Even if the $2,800 million needed for a 
new shuttle is found, $750 million of which 
must come from the already tight 1987 
budget, NASA will be able to operate 
only three shuttles between now and 1990. 
NASA plans to move slowly after shuttle 
flights resume, exacerbating the accumu- 
lating payload backlog. Graham hopes 
that commercial interests will operate ex- 
pendable launch vehicles to relieve some 
of the burden on the shuttle, but he admit- 
ted that the current budget contains no 
money to help start such ventures. 

Although members of the House com- 
mittee are clearly anxious to allocate 
funds for building a new shuttle, a source 
close to the White House senior inter- 
agency group responsible for making a 
decision about the shuttle says no answer 
is likely until June, when the presidential 
panel makes its report. The interagency 
group is also wrestling with the thorny 
problem of which government agencies 
should be paying for shuttle services. The 
debate is being carried on by mid-level 
bureaucrats, but agency chiefs will soon 
be joining in. 

Several members of the committee ex- 
pressed concern that NASA might en- 
courage potential shuttle customers to 
look elsewhere for launch services. But 
Graham confirmed that a proposal to car- 
ry the British Skynet satellites aboard the 
shuttle had already been terminated. With 
32 launch commitments already on the 
books, Graham argued that NASA could 
not commit itself to others until the future 
of the shuttle was clear. 

When flights do resume, priority will be 











given to those carrying payloads "critical 
to national security priorities", followed 
by scientific launches with fixed launch 
windows, and finally all other flights speci- 
fically needing the capabilities of the shut- 
tle. Both the Galileo mission (see below) 
and Ulysses, the European Space Agency 
(ESA) mission to explore the Sun's polar 
regions, have launch windows in June 
1987, but Graham doubted that both 
could then be launched. 

No matter what decisions are made ab- 
out the shuttle, NASA plans to go ahead 
with the manned space station programme 
as scheduled. It is expecting to sign agree- 
ments shortly covering the parts of the 
space station on which Canada and Japan 
will work. Japan has been studying a mul- 
tipurpose pressurized module, while 
Canada is developing a remote manipula- 








tor system. But an agreement with ESA 
over European participation has hit a 
snag, and NASA administrators are work- 
ing feverishly to hammer out an agree- 
ment before the end of March, when an 
engineering meeting will establish the 
space station baseline configuration. 

As acting administrator, Graham has 
presided over NASA during its most dif- 
ficult time. The agency's reputation has 
suffered as much of a setback as its flight 
schedule. The budget analyst whose July 
1985 memorandum showed that NASA 
was aware of safety hazards in the solid 
rocket boosters said in a Washington Post 
article (16 March) that he had been asked 
to "deny the validity" ofthe memorandum, 
in ensuing press enquiries. In the article. 
the analyst denounces NASA for perpe- 
tuating a stubborn optimism that flies in 
the face of its employees' conscientious 
warnings. 

James C. Fletcher, nominated by the 
White House to take over as permanent 
administrator of NASA, is said to have 
had little enthusiasm for the job, and 
agreed to accept it only after considerable 
persuasion. Joseph Palca 
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Delay not an unmixed curse 


Washington 

WHILE it will be for Washington to decide 
how the US space programme will be con- 
tinued in the post-Challenger era, the 
managers of individual projects are having 
to arrange that spacecraft poised for 
launch later in this year will survive long 
and still unknown delays on the ground. 
But uncertainty about the likely launch 
time may bringsome unexpected benefits. 

This may be the case with the Hubble 
Space Telescope, which was to have been 
launched next August. The deadline for 
the submission of research proposals has 
now been put back, which may give the 
Space Telescope Institute time to resolve 
the dispute about allocations of obser- 
ving time (see Nature 318, 591; 1985). 

The extra ground-time will also give en- 
gineers a chance to reduce the risk of “in- 
fant mortality" among the components of 
the telescope. This term refers to the fai- 
lure of electronic parts which is common 
in the early weeks of space missions. The 
remedy is to switch on instruments before 
the launching of a satellite or space-probe, 
to “burn in" the electronic circuits. 

Even so, James Welch, the NASA 
(National Aeronautics and Space Admi- 
nistration) programme director for the 
space telescope, says it will “not be a tri- 
vial matter" to store "this beast" on the 
ground until shuttle flights can be re- 
sumed. Mechanical systems designed to 
function in microgravity environments 
may not fare so well at 1 g, while gyro- 
Scopes must be spun at regular intervals to 





prevent the pooling of lubricants and so as 
to redistribute weight. Similarly, the light- 
amplification assemblage of the faint- 
object camera, which has been designed 
and built by the European Space Agency, 
will have to be powered up every 30 days 
so as to maintain the internal vacuum. 

A further difficulty is that career 
advancement is unlikely while spacecraft 
sit on the ground, which means that pro- 
ject leaders may be tempted to try their 
luck elsewhere. The way in which long- 
term space projects may suffer, even after 
launch, is illustrated by the Voyager mis- 
sions to the outer planets, which have had 
six project managers since their inception 
more than a decade ago. 

Nevertheless, the hope is that profes- 
sionals who have already devoted a large 
part of their career to a project will not be 
driven away by a delay of another year or 
two. Torrence Johnson, head of the 
Galileo mission to Jupiter, says that peo- 
ple working of such projects have learned 
to cope with the frustration of delay. 

Part of the Galileo team will be kept 
busy recalculating the trajectory of the 
spacecraft. The next launch window will 
be in June 1987. The plan is that Galileo 
should make ten orbits around Jupiter in a 
period of 20 months, but all the orbits will 
be different from each other so as to maxi- 
mize the number of jovian moons encoun- 
tered. Ina celestial version of a 12-cushion 
billiards shot, the spacecraft will be helped 
on its way by the gravitational influence of 
successive moons. Joseph Palca 
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Halley's comet 


NEWS 


Giotto confirms reports of 
dumbbell-shaped nucleus 


Darmstadt 

THE notice DO NOT PANIC hung in one 
of the experimental areas here last week 
and, throughout a somewhat vertiginous 
approach by Giotto, the European Space 
Agency (ESA)’s spacecraft, to the core of 
comet Halley in the first few minutes of 14 
March (GMT), and despite a loss of signal 
at closest approach, nobody did. And 
there, at last, was the nucleus. “It looks 
like a peanut", said one. ^A potato", said 
another. And it is black. 

It was the perfect day for an encounter. 
The solar wind was calm, with a speed of 
about 380 km s'' with a steady interplanet- 
ary magnetic field of about 8 nanotesla. 
Earlier, there had been fears that solar 
activity might produce choppy electro- 
magnetic conditions, in which case in- 
formation from satellites such as the Solar 
Maximum Mission might have been essen- 
tial to distinguish the effects of a gusty 
plasma environment from truly cometary 
phenomena. 

Before the Giotto encounter, expec- 
taions were conditioned by the two Vega 
encounters the previous week (see Nature 
320, 97; 1986). The Soviet chief scientist, 
Roald Sagdeev, had brought the news that 
Vega 2 had shown that the nucleus looked 
rather like a potato of maximum length 11 
km. But there was some fear that the Vega 
detectors had been deceived by the vari- 
able brightness of the dust. “I’m con- 
vinced Vega saw the nucleus", said Fred 
Whipple, architect of the prevailing “dirty 
snowball” model; “there were earlier re- 
ports of a double nucleus, but the imaging 
people now say it's more like an irregular 
potato with two bright ends." 

With its tenfold increase in resolution, 
Giotto could be expected to resolve the 
debate. Meanwhile, the dust specialists 
were perturbed but philosophical about 
reports from Japan of large and potential- 
ly disastrous dust particles detected by the 
Suisei spacecraft at the surprisingly large 
distance of more than 150,000 km from 
the nucleus (see Nature 320, 99; 1986). 

In the event, Giotto first detected 
effects of the comet on its environment at 
a distance of 7.8 million km, with comet- 
ary ions and plasma waves becoming more 
and more noticeable. At this point, Giotto 
had entered the outer coma, a vast invis- 
ible cloud whose expansion is virtually un- 
hindered by Halley's tiny gravity. Comet- 
ary hydrogen and oxygen atoms plus hyd- 
roxyl radicals began to be detected, the 
results of photodissociation of water 
vapour sublimed from the nucleus. 

As the solar wind picks up such atoms, it 
is decelerated to a point (roughly corres- 








ponding to a 25 per cent increase in mass 
loading) where a bow-shock should form, 
with a sudden change in flow conditions. 
There had been some debate whether 
such a shock had been detected at comet 
Giaccobini- Zinner by the International 
Cometary Explorer. Pretty much on sche- 
dule, howe ver, according to principal in- 
vestigator Alan Johnstone, Giotto en- 
tered a weak bow-shock (or bow-wave ) at 
1.15 million km, extending along its 
trajectory over 0.5 million km or so. The 
spacecraft detected a shift in solar wind 
direction of about 15°, a slowing of helium 
ion speeds to 260 km s~ and fluctuations in 
the magnetic field of up to 20 nanotesla. 
The excitement became more notice- 
able with the first images from a distance 
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Closest approach: 
Sakigake 7,000,000 km 
Suisei 200,000 кт . 
Vega 1 10,000 km 
Vega2 10,000 km 
Giotto 500 km 


of 750,000 km though, with resolution of 
50 km or so, the nucleus was not yet vis- 
ible. The atmosphere was distinctly poly- 
glot as collaborators from many parts of 
the globe began to pile into the surprising- 
ly restricted space taken up by each of the 
ten experimenta] groups. By means of a 
direct link to Moscow, about 30 people 
there were also following the encounter. 
At about 0.5 million km, the presence 
of cometary ions was much more pro- 
nounced. Here also, cometary chemistry 
began to be noticeable and, as its pick-up 
of heavy ions increased, the speed of the 
solar wind decreased further. “It’s terrific, 
it's terrific", exclaimed one experimenter. 
But what about the dust? So far there was 
none, and principal investigator Tony 
McDonnell was discreetly beginning to 
wonder whether his impact detectors had 


- failed. To his relief, the first particle final- 


ly arrived, detected on Giotto's front 
shield at about 200,000 km. 











At about 48,000 km, the nucleus 
seemed to be resolved as an unchanging 
feature in the camera frame. A few min- 
utes later came the first hint of trouble as 
the attitude sensor indicated a slight shift 
in the spin axis. But by now the instru- 
ments were working overtime as Giotto 
approached the nucleus from behind its 
left shoulder, as it were, and heading to- 
wards the Sun-side, from which most of 
the outflow of gas and dust occurs. 

As Giotto's camera followed the chang- 
ing relative position, its images were re- 
layed live, every few seconds, to the 
watchers on the ground. A few minutes 
before the closest encounter, the region of 
the nucleus began rapidly to dominate the 
screen, and mottled features became 
apparent. It was a frankly emotional mo- 
ment; the quiet voice of the scientific com- 
mentary began to shake with excitement 
and the assembly broke into applause. At 
about 5,000 km, the magnetometers saw 
the magnetic field vanish — Giotto had 
penetrated the ionopause where electrical 
currents carried by electrons and ions can- 
cel the ambient field. 

Almost to the second of closest encounter, 
at a distance of 605 km, the images ceased 
and the telemetry link at the 64-m Parkes 
radiotelescope in Australia lost contact 
with the spacecraft. Tony McDonnell la- 
ter said, “we seemed to hit a wall of dust a 
few minutes before the encounter". The 
impact rate had then gradually increased 
from the already high rate of 120 per 
second to the point where the spacecraft 
suddenly went out of alignment. But in the 
belief that the spinning spacecraft had 
beén knocked into a wobbling precession, 
damping manoeuvres were carried out 
and contact re-established after 30 min. 

And the nucleus? According to the 
camera principal investigator Horst Uwe 
Keller, first indications are that it is 15 km 
long and at least 4 km wide, perhaps 
shaped like an indented potato or peanut 
shell. The loss of contact meant that only 
one side ofthe nucleus was seen, so that an 
accurate evaluation of the volume will not 
be possible, nor will the variation of the 
reflecting properties of nuclear material 
with Sun angle be fully known. 

Nevertheless, surface features have 
been seen with a best resolution of 70 m. 
The nucleus is “blacker than coal", 
according to Keller, “similar to the lowest 
albedos yet seen in the Solar System". He 
says that the surface must be at least warm 
enough to melt ice. Fred Whipple believes 
that such an appearance could arise from 
ice embedded with a great deal of dust 
including carbon or organic material. 

Perhaps the major surprise of the en- 
counter, according to chief scientist R. 
Reinhard, was the great inhomogeneity of 
dust emission. To a much greater extent 
than expected, the dust outflow is concen- 
trated in jets and there are indications of 
nozzle-like features on the surface. A 
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most important task will now be to match 
in situ observations of jets with those pro- 
vided by the International Halley Watch 
network. 

Analysis of mass spectrometry also 
proved exciting. “When we moved into 
the coma, we were overwhelmed by the 
richness of the neutral and ion spectra", 
said principal investigator D. Krankows- 
ki. The major ions turned out to be those 
associated with water vapour, H,O* and 
Н,О”, with a sharp increase in density to a 
plateau of about 10° per cubic centimetre 
at about 30,000 km; among the neutrals, 
H,O reached 10° ст”? at about 3,000 km. 
The total water outflow was estimated to 
be about 2 x 10" molecules per second. 
Compounds of carbon, nitrogen and oxy- 
gen were also seen by optical spectro- 
metry. C, was found to be more abundant 
than CN, the latter and CO* increasing 
from a distance of 150,000 km with a sharp 
rise in CO* just before approach. Metal 
ions were also seen, though as H. Balsin- 
ger indicated, if the nucleus is a potato it is 
not a salty one; little sodium was seen. 

The blackness of the nucleus may be 
linked to another surprise reported by 
Tony McDonnell — the presence of an 
unexpected population of dust with mas- 
ses as small as 107” grams. As Vega dust 
scientist J.S. Simpson remarked, most 
models predict a fall-off in dust masses 
below 107° grams, but Vega and Giotto 
have indicated substantial numbers of 
smaller particles. It had been thought that 
such particles would have been expelled 
from the Solar System by radiation press- 
ure before they could be incorporated into 
comets. The efficiency of such processes 
may now have to be re-evaluated in view 
of the photo-properties of the nucleus dis- 
covered by Giotto. 

The density of each dust particle seems 
to have been less than that of water, in- 
dicating a porous structure, possibly with 
a solid core covered with an icy mantle. 

Comparing the Giotto and Vega mis- 
sions, Sagdeev said that the gas, dust and 
particle measurements showed very good 
correspondence while highlighting the 
variability of the neighbourhood of Hal- 
ley's nucleus. The Giotto measurements 
of in situ chemistry should be matched 
with Vega's remote sensing spectro- 
meters, whose resolution might permit in- 
vestigation even closer to the nucleus than 
Giotto. 

"The science was really great", he said. 
"After many sleepless nights, we have to 
part with the comet. We feel real nostalgia 
now which will last beyond Halley's next 
apparition." 

Meanwhile, Giotto is still working, 
although with possible damage to the 
camera and altitude control. It is hoped to 
adjust its orbit, enabling it to use the Earth 
as a gravitational sling in 1990, perhaps to 
encounter comet Grigg-Skjellerup in 
1992. Philip Campbell 
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Book conservation 





Red faces over US pilot plant 


Washington 

AN explosion and fire have raised design 
and safety questions about a book con- 
servation process developed by the Lib- 
rary of Congress (LC) that supposedly 
presented "absolutely no safety risks to 
personnel or books", The process was 
designed to make book paper less acidic. 

The explosion occurred at a pilot facility 
operated by Northrop Services Inc., 
under contract to the National Aeronau- 
tics and Space Administration (NASA) at 
the Goddard Space Flight Center in 
Greenbelt, Maryland. The facility was 
designed to support start-up of a $11.5 
million Mass Deacidification Facility for 
LC to be constructed at Fort Detrick, 
Maryland. 

What started as a small leak of the che- 
mical used in the deacidication process in 
early December ultimately resulted in the 
"controlled disassembly" of the entire Sys- 
tem by a demolition team on 21 February. 

Book deterioration caused by the high 
acid content of paper made from wood 
pulp is a serious problem for all libraries. 
To decrease the acid content, LC de- 
veloped and patented a vapour phase pro- 
cess using diethyl zinc (DEZ). The pro- 
cess works by placing books in a vacuum 
chamber at 20 torr, removing most of the 
moisture from the books, then injecting 
gaseous DEZ into the chamber. The DEZ 
reacts with sulphuric acid in the paper, 
forming zinc sulphate and water, and the 
water then reacts with additional DEZ to 
form zinc oxide in the paper fibres. This 
provides an alkaline reserve against furth- 
er acid degradation. Zinc carbonate, pro- 
duced by adding carbon dioxide to the 
reaction, also buffers the paper, as well as 
providing some measure of protection 
against photodegradation of cellulose. 

While the DEZ process has advantages 
over other liquid processes that have been 
developed, DEZ is a difficult material to 
work with. It is pyrophoric in its liquid 
state at room temperature, burning on 
contact with air and explosively decom- 
posing on contact with water. 

On 5 December, with the book cham- 
ber in the pilot facility empty, the system 
was put through its operational cycle. At 
the point where all DEZ should have 
either been recovered or vented, the door 
to the chamber was allowed to open. The 
technician on duty reports seeing approx- 
imately one litre of liquid DEZ spill out of 
the chamber onto the ground. Automatic 
sprinklers extinguished the resulting fire 
in 8 seconds, and only minor damage re- 
sulted, but project engineers immediately 
shut-down the system while they attemp- 
ted to discover why liquid DEZ had 
formed in what was supposed to be a 
vapour phase of the process. The best 








guess, according to James Robinson. 
actihg associate director for institutional 
management at Goddard and chairman of 
the board of inquiry into the accident, is 
that some pipes in the gas delivery system 
had cooled to the point where DEZ would 
condense, even at low pressure. 

When NASA and Northrop engineers 
returned to the facility early last month, 
they discovered a positive pressure in the 
recovery leg of the system. Assuming that 
additional DEZ or ethane, a reaction by- 
product, still remained in some of the pro- 
cess piping, they attempted to vent the 
remaining gas. During this process, a "sig- 
nificant" explosion occurred, destroving 
valves, pipes and instrumentation. and 
compromising the ability to "safe" the sys- 
tem with nitrogen gas. 

NASA and Northrop engineers were 
unable to tell whether any DEZ remained 
in the process piping, and, if it did, how to 
remove it safely. Robinson says project 
engineers considered punching a hole in 
the remaining pipes from a distance with a 
rifle bullet, but rejected single-point vent- 
ing because all remaining DEZ might not 
escape. NASA and Northrop ultimately 
concluded that the only way to make the 
facility safe was to destroy it. An army 
demolition team set off ten shaped 
charges on 21 February, “disassembling” 
the system. The DEZ released at this 
point burned off in 30 seconds, but this fire 
spread to the wooden structure housing 
the system, which burned for nearly an 
hour. Damage was estimated at $30,000. 

Both NASA and LC are satisfied that 
adequate safety procedures were followed 
in the design of the test facility. If any- 
thing, NASA and LC officials say the na- 
ture of DEZ prompted excessive safety 
concerns about its handling. 

But safety issues have been raised in the 
past about how NASA and Northrop con- 
ducted the deacidification testing. In 
1982, a Northrop safety engineer was fired 
for insubordination after bypassing his 
own superiors and reporting safety con- 
cerns about the project directly to NASA. 

While Robinson would not rule out the 
possibility that safety issues may have 
been neglected, he contends “the safety 
review was adequate... but the fact is that 
we have had two accidents in three 
months". 

LC has delayed opening of bids for con- 
struction of the Mass Deacidification 
Facility for at least a month until the board 
of inquiry makes its report. 

Peter Sparks, director of preservation 
for LC, says the pilot system was designed 
to point out design problems. "We 
learned a lot from this, but it wasn't quite 
the way we wanted to learn it." 

Joseph Palca 
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France avoids British problem 


Do the French do their reprocessing bet- 
ter than the British? The answer seems to 
bé yes, at least by the criteria of leakage 
from and accidents at the principal French 
reprocessing plant at Cap de la Hague, on 
the English Channel coast near Cher- 
bourg. Even opponents of the French nuc- 
lear programme admit that leakage is no 
longer a problem; environmentalists have 
turned their attention to other matters. 

Even so, La Hague may be storing up 
problems for the future, for much of the 
low and medium level waste that British 
Nuclear Fuels discharges into the Irish Sea 
from Sellafield is stored on the land in 
Brittany. In short, the long-term nuclear 
waste problem has not been solved. 

Nevertheless, French emissions of 
radioactivity from La Hague, the principal 
reprocessing plant, are low. The indepen- 
dently supported claim is that La Hague 
discharges into the English Channel 220 
times less alpha emission, and seven times 
less beta emission, than does Sellafield 
into the Irish Sea. And despite the large 
amounts of waste stored on land, the aver- 
age radiation exposure of a La Hague 
worker is 2.5 times less than that of work- 
ers at Sellafield. 

But not everything has been rosy. La 
Hague suffered a series of setbacks in the 
1970s. As in Britain, French nuclear pow- 
er began with Magnox gas- -cooled reac- 
tors, and early reprocessing of this fuel 
was very inefficient. Process pipes 
shielded in concrete had constantly to be 
broken open, exposing workers to high 
levels of Purex process (in which wastes 
are precipitated from a solution of the 
spent fuel in nitric acid). In the late 1970s, 
throughput at the plant was only a quarter 
of design capacity. La Hague also suffered 
a serious transformer firé which closed 
down pumps in the plant and raised ques- 
tions about safety and the redundancy of 
equipment. (There was no second trans- 
former to bring ori line.) 

Now, most of the limited amount of 
French Magnox reprocessing has been 
transferred to a new plant at Marcoule on 
the Rhone, and La Hague is concentrating 
on reprocessing the more highly irradiated 
oxide fuel from the huge French collection 
of pressurized water reactors (PWRs). 
This is the connection in which La Hague 
is proving efficient and relatively clean. ' 

According to COGEMA, tbe French 
nüclear fuels company for which reproces- 
sing is a third of turnover, La Hague is 
currently responsible for reprocessing 80 
per cent of the world's reprocessed oxide 
fue] (most of it French but some from 
Japan, Belgium, West Germany and else- 
where). COGEMA has a clear commer- 
cial interest in proving itself better than 
Sellafield, with which it will be competing 








directly in the 1990s, when the Sellafield 
“THORP?” plant is due to be on stream. 
COGEMA is a relatively secretive 
organization. French civil and military 
nuclear institutions overlap, and access to 
the La Hague plant is tightly controlled. 
But the doors have been opened, notably 
to a team of physicists, including nuclear 
opponents and headed by Professor Jac- 
ques Castaing, which reported on La 
Hague a couple of years ago. Moreover, 
many inembers of the antinuclear French 
trades union CFDT are workers at the 
plant, and are not slow to report accidents 
to their union. So although independent 
information on La Hague is not easy to 
come by, it is available. The general 





impression is that La Hague does not leak. 

This is why the French environmental- 
ists’ attack on reprocessing is directed at 
the prospect of a “plutonium economy” 
and at the costs of reprocessing. The com- 
pany claims that costs have actually fallen 
by some five per cent over the past year 
because of the smooth operation of its UP 
II oxide reprocessing stream, which hand- 
led 418 tonnes of fuel last year, 18 tonnes 
(or nearly five per cent) more than the 
plant’s targeted 400 tonnes. Reprocessing 
costs would now be some FF5,000—6,000 
per kg of spent oxide fuel (£500— 600) 
according to COGEMA, but its oppo- 
nents say this figure involves some sleight 
of band over discount accounting, and 
that the true costs will turn out to be twice 
as much. Indeed, the critics say that the 
electricity utility EDF would not be able 
to afford the true costs. Robet Walgate 





Fusion in Japan: 


Plans for second major machine 


` Tokyo 


A NEW institute for basic studies in nuclear 
fusion seems likely to be built in Japan 
quite separately from that supporting the 
massive JT-60 tokamak project. An im- 
portant step towards this goal was taken 
last week with the submission of an official 
recommendation from the Ministry of 
Education, Culture and Science 
(MESC)’s Science Council. 

The institute is likely to be centred on 
the Nagoya University Institute of Plasma 
Physics, the largest university basic phy- 
sics research facility, which has for some 
years been planning to move from the 
Nagoya University campus to more spa- 
cious grounds at Toki, in nearby Gifu pre- 
fecture. Parts of thé land reserved for the 
move have already been bought with 
funds supplied by MESC. 

Now that support has been gained from 
the Science Council (a twenty-seven mem- 
ber academic advisory board appointed by 
the ministry), MESC will spend some time 
considering whether an expanded insti- 
tute should be built. A special committee 
will shortly be set up by the ministry. 

The Institute of Plasma Physics has 
been Japan's chief plasma research insti- 
tute for 25 years: it is an open institute at 
which scientists and engirieers from all 
over Japan may come to do research and 
has helped give birth to several other large 
facilities, most notably Osaka University’s 
laser fusion institute. After the move it 
could well undergo a change in status to 
that of a “national joint-use research insti- 
tute”. Such industries, like the High- 
Energy Physics Research Institute at 
Tsukuba and the Institute of Space and 
Astronautical Science in Tokyo, are quite 
independent and have been able to obtain 
research facilities that are often superior 
to those at universities. Conversion to 











“national” status would almost certainly 
mean that Kyoto University’s Heliotron 
group, as well as plasma physics groups 
elsewhere, would be incorportated into 
the institute. 

The new institute, whatever its status, is 
to have a helical conductor system as its 
main facility, rather than a tokamak. 
Japan’s giant JT-60 tokamak — on the 
same scale 45 the Joint European Torus at 
Culham (United Kingdom) and the fusion 
test reactor at Princeton (United States) 
— is run quite separately by the Science 
and Technology Agency. 

At JT-60, expansion is also expected 
following the submission of a recom- 
meridation from the Atomic Energy Com- 
mission in the middle of February. 
Although there are tokamaks in the uni- 
versities, it is overall variety rather than 
scale that has been aimed at in fusion 
machines; in laboratories around the 
country can be found heliotrons, steller- 
ators and bumpy torus machines, open- 
ended “magnetic bottles”, reversed-field 
pinch torus machines and compact 
toroids, including spheromaks. 

A conceptual design for the new helical 
conductor system will be worked on by a 
committee in the Institute of Plasma Phy- 
sics. Its nearest relatives are likely to be 
the Advanced Toroidal Facility under 
constrüction at Oak Ridge in the United 
States and the “Deep Well" project at 
Wendelstein in West Germany. 

If all goes well, purchase of the land and 
clearing of the site will be completed in the 
next fiscal year. How quickly the new in- 
stitute will then be built will depend on 
how quickly a consensus on its form can be 
reached by MESC among Japan’s fusion 
research community — and on how quick- 
ly funds can be won from the Ministry of 
Finance. Alun Anderson 
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Academy finds causal connection 


Washington 

Wirtu a fine sense of timing, the National 
Academy of Sciences last week released 
the latest of its contributions to the study 
of acid rain. The academy’s study*, which 
provides the most conclusive evidence 
likely to be available for some time that 
emissions of sulphur dioxide from power 
stations acidify lakes and kill fish, comes 
the week before Canadian Prime Minister 
Brian Mulroney arrives in Washington for 
a summit meeting with President Reagan. 
Acid rain is at the top of the agenda. 

The academy's study, chaired by James 
Gibson of Colorado State University, 
looks at time trends and regional varia- 
tions in anthropogenic sulphur dioxide 
and nitrogen oxide emissions over the 
United States, reexamining original data 
to ensure consistency where necessary, 
and relates these to effects in the atmo- 
sphere and on the ground. It concludes, 
on the basis of consistency in the associa- 
tion and demonstration of intermediate 
steps, that in eastern North America a 
causal relationship exists between sulphur 
dioxide emissions and presence of sul- 
phate aerosol, reduced visibility and wet 
deposition of sulphate. Regional changes 
in sulphate in streams are consistent with 
these changes, and so is acidification of 
lakes (assessed over time by diatom re- 
mains). Because “the observed acidifica- 
tion cannot be explained by other known 
disturbances ... acid deposition is the 
most probable causal agent". 

The clearest instances of environniental 
effects of acid rain were found in the 
Adirondack lakes of New York, although 
there were marked variations in the sensi- 
tivity of different lakes. Gibson character- 
ized the results last week as establishing 4 
*very significant linkage" between emis- 
sions and acidification. Furthermore, fish 
populations appear to decline concurrent- 
ly with acidification. But geographically 
widespread reductions in tree-ring width 
and increased mortality of red spruce in 
the eastern United States, occurring con- 
currently with climatic anomalies and with 
high rates of acid deposition, could both 
be laid unambiguously at the door of acid 
rain. Members of the academy's commit- 
tee said last week that the causes of tree 
mortality should be the next major acid 
rain research project. Because of poor 
time-trend data, few conclusions could be 
reached about nitrogen oxides. 

Environmental groups, which have long 
been convinced of the damage caused by 
sulphur dioxide, saw the study as further 
confirmation of what they already knew; 
the basic hypothesis that sulphur dioxide 
emissions have caused acidification of 
lakes has been accepted by several 
academy and other studies since 1981. The 














: weight of the study would seem to lie in its 
demonstration that such effects are large 
in relation to hatural processes and dom- 
inate them statistically. But however 
elegant and persuasive, it is unlikely to 
persuade the Reagan administration to 
accept immediate measures to reduce US 
emissions, which have begun to rise again 
and which under present policies are likely 
to go on rising until at least 2010, accord- 
ing to projections by the Environmental 
Protection Agency. 

Fears about the federal budget deficit, 
which have reached a new pitch because of 


unfavourable reaction on Capitol Hill to 
President Reagan's budget proposals for 
1987, make large federal expenditures on 
control technologies difficult to contem- 
plate, despite the apparent emergence of a 
new bipartisan consensus favouring con- 
trol measures in Congress. The discussion 
with Mulroney this week 1s likely instead 
to focus on the recent recommendation of 
two US/Canadian special envoys that 
$5,000 million be spent on demonstration 
projects to develop cheaper ways of burn- 
ing coal cleanly. The sum currently pro- 
posed for this purpose in the United States 
in fiscal year 1987 is $400 million. 

Tim Beardsley 


* Acid deposition: long-term trends, National Academy Press, 
1986. 





Soviet spacecraft 


Space station takes X-ray satellite 


A sont Soviet/West European study of X 
rays in space, originally planned for a 
Salyut-type spacecraft, will now be carried 
out aboard the new Mir space station, 
according to unofficial reports from Mos- 
cow. This could cause some rethinking of 
the project, if, as the Soviet media sug- 
gest, Mir, after a running-in period, will 
be permanently manned. For, in order to 
ensure the accurate pointing which the ex- 
periments demand, it was originally plan- 
ned to carry out the study during a period 
when the host station was unmanned. 

The joint project, known to the Soviet 
side as “Rentgen” and to the West Euro- 
pearis as HEXE (High Energy X-ray Ex- 
periment), was originally scheduled for 
April 1986, but there was some delay in 
the construction of the instruments. Two 
pieces of apparatus, designed and made 
by the Max Planck Institute for extra- 
terrestrial physics at Garching (West 
Germany), have already been delivered to 
Moscow, but are apparently still causing 
problems. The software for the project is 
also still being worked out, and it now 
seems doubtful that the August launch 
date can be met. 

The Soviet space planners have not yet 
said when Mir is likely to be ready for full 
occupation (cosmonauts Leonid Kizim 
and Vladimir Solov’ev are at present acti- 
vating the life-support systems and pre- 


paring it for habitation). Some 30 cosmo- 


nauts are believed to be in training for 
service aboard Mir, most of whom will be 
involved in research and “technological 
production”. (The operation of the station 
itself will be virtually automatic.) 
Whether there will be any intervals be- 
tween "shifts" in which HEXE could be 
deployed as first planned is doubtful. 

The HEXE experiments, designed by 
teams from the Universities of Utrecht, 
Birmingham and Tubingen and from the 
European Space Agency, as well as from 
the Max Planck Institute, are intended to 





study the X-ray stars of the Galaxy, the 
remnants of supernovae and the nuclei of 
other galaxies. This will require extremely 
accurate pointing and minimal perturb- 
ance of the station during the experi- 
ments. Hence the original stipulation that 
Salyut should be in its unmanned mode. 
The greater mass of Mir might, however. 
make it possible to attain the accuracy 
needed of HEXE, even if one or two peo- 
ple were on board the station. Vera Rich 





German gigaflops 


Hamburg 

THe West German government is to sup- 
port a project for building a huge super- 
computer designed around more than a 
thousand microprocessors. This was 
announced last week by Heinz Riesenhu- 
ber, the federal minister for research and 
technology, who said that Krupp Atlas 
Elektronic GmbH of Bremen and Stoll- 
mann GmbH of Hamburg will be joining 
with the existing Gesellschaft fiir mathe- 
matische Datenverarbeitung (GMD) with 
the intention of completing the prototype 
of the new computer by the end of 1988. 

Riesenhuber’s ministry, BMFT, has 
already appropriated DM27 million for the 
project, which will be carried out by a 
newly formed company based in Bonn. 
The total cost is estimated at DM130 mil- 
lion. The designers are aiming at a 
machine capable of 1,000 million opera- 
tions a second, known as one gigaflop. 
Much of the incentive for the development 
has come from GMD, which has had some 
success in the development of programs 
and programming languages for compu- 
ters based on parallel architecture. 

The new machine will probably be used 
for the simulation of large-scale phe- 
nomena, among which Riesenhuber men- 
tioned combustion processes and wind- 
tunnel experiments. Jürgen Neffe 
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: Data protection 


NEWS 


Swedish research under wraps 


Stockholm 

SWEDEN’s Data Inspectorate has caused 
consternation among sociological re- 
searchers by ordering the removal of all 
personal identification from the records of 
a research project run by the Institute of 
Sociology at the University of Stockholm, 
and completed at the end of last year. The 
project, known as Metropolit, consisted of 
the longitudinal study of 15,000 people 
born in Stockholm in 1952, and had cost 
Skr7 million (roughly £700,000) over two 
decades. The university has until 1 May to 
comply with the inspectorate’s ruling. 

One consequence of the ruling will be 
that sociologists will not be able to add to 
the data now on file, either now or in the 
future. Indeed, even the potential value of 
the data so far gathered for control pur- 
poses is threatened by the mounting 
demand, which Swedish liberal news- 
papers are supporting, that the files 
should be scrapped completely. 

This development may compromise the 
needs of sociologists and medical re- 
searchers elsewhere in Europe for access 
to the individual records of research pro- 
jects. In the late 1970s, an attempt to win 
government approval for such access, 
accompanied by assurances of confident- 
iality, was mounted within the framework 
of the European Science Foundation, but 
not in the end pursued. 

This turn of events is also an interesting 
pointer to the changed attitude of Swedish 
society towards the collection of confiden- 
tial data about individuals. In 1966, Dr 
Carl Gunnar Jansson, the head of the 
Metropolit project, was able to recruit 
members of his study cohort by distribut- 
ing study forms to teenagers in school 
classrooms; social surveys were a routine 
part of Swedish life in which openness was 
considered an unavoidable virtue. 

At the outset of the project, the teen- 
agers in the sample were told in general 
terms of the objectives. No direct ap- 
proach was made to their parents, but 
Jansson says that there was enough in- 
formation in the general press for them to 
know the project’s aims. To the informa- 
tion provided by the members of the 
sample were added data on educational 
attainment, physical and mental health 
and infringements of the law derived from 
government records themselves regarded, 
іп 1966, as “open”. 

Jansson’s problems began only in the 
mid-1970s, with mounting public concern 
about the confidentiality of data stored in 
computers. Although the Swedish Data 
Protection Act, which came into effect in 
1974, allowed existing research projects to 
continue, Jansson was told in 1976 that no 
further data could be added to the files 
without the informed consent of the sub- 








jects, then in their twenties. Until the 
Data Inspectorate reversed that ruling in 
1978, the result was a two-year hiatus in 
the addition of data to the files, on the 
grounds that consent would surely be 
withheld by those in the 15,000-strong 
cohort with criminal or other unflattering 
records, so biasing the sample. 

Although Metropolit has now formally 
ended, Jansson had sought to make the 
files accessible to future researchers by 
depositing a key to the identity of the 
members of the sample in the national 
archives. Opposition to this proposal was 
stimulated by an enterprising journalist of 
Dagens Nyheter (which, ironically, was a 
strong supporter of the survey when it 
began). The result has been a general out- 
cry against “Big Brother”: 5,000 of the 
original sample of 15,000 have either ask- 
ed that their names be withdrawn or that 
they should have access to their records. 

The university will have three weeks in 
which to appeal against the new ruling 


Pesticide toxicity 
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once it has been promulgated officially 
next month, but Jansson, now lecturing in 
the United States, is unsure whether he 
will follow this course for fear that an 
appeal would subject the Metropolit re- 
searchers (of whom his wife is one) to 
further stress. The appearances suggest 
that the Data Inspectorate will extend the 
basis of its new ruling to other projects, 
having also ruled that personal identifica- 
tion should be removed from a follow-up 
study of women who have had abortions. 
Meanwhile, Swedish researchers need- 
ing to compile files of personal informa- 
tion may be tempted to follow what is 
called the “Evajo” option, named after 
Eva Johansson who, in the mid-1970s, 
carried out a study of the development 
and social adaptation of the children of 
former juvenile delinquents. Considering 
it unethical to interview the children for 
fear of the psychological damage that 
would be caused, but denied permission 
by the Data Inspectorate to compile 4 
computer file from government records, 
she took her study outside the scope of the 
Data Protection Act by assembling the 
data manually, on index cards. Vera Rich 


US Congress acts on compromise 


Washington 

LaGGARD federal safety testing of pesti- 
cides will be given an $80 million boost 
from industry user fees, but also a strict 
new timetable, if Congress passes legisla- 
tion put forward by industry and environ- 
mental groups. The proposals are meant 
by both sides in a long-running dispute 
over pesticide safety to ensure that testing 
is speeded and that efforts are concentrat- 
ed on the chemicals of greatest concern. 

Many of the 600 or more active ingre- 
dients in pesticides registered before 1978 
were tested during the 1950s and 1960s, 
when requirements were less demanding. 
The Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA) was amended 
in 1972 to require the Environmental Pro- 
tection Agency (EPA) to demand com- 
prehensive industry health and safety stu- 
dies, but in the intervening fourteen years, 
only six ingredients have been fully tested 
and approved; for 475, even the data 
needed have not been specified. 

Under the amendments to FIFRA now 
proposed, all the unapproved active ingre- 
dients would have to be reregistered 
according to a strict timetable, with indus- 
try paying $150,000 to EPA for each mat- 
erial considered. Pesticides previously reg- 
istered with false or invalid data would be 
banned. “Special reviews”, undertaken 
when a substance fails a potentially signifi- 
cant toxicity or carcinogenicity test, would 
be limited to one year’s duration; testing 
of all pesticides on the market would have 
to be completed in seven years. 








Besides the active ingredients, the bill 
would for the first time require EPA to 
test thoroughly so-called “inert ingre- 
dients”, which include all those that do not 
actually kill the pest but that contain 
several substances (such as benzene and 
cadmium compounds) not normally 
thought of as inert. Because there are 
2,000 inert ingredients in use, EPA would 
each year draw up a priority list of those 
most in need of more safety data, data 
which would have to be supplied within 
four years. The effect of this provision, 
according to Nancy Drabble of Public 
Citizen’s Congress Watch, would be to put 
pressure on manufacturers to use those 
inert ingredients that are most likely to be 
safe. Other provisions would improve 
public access to information. 

~The new compromise has been ham- 
mered out over the past year by 41 en- 
vironmental and consumer groups under 
the banner of the Campaign for Pesticide 
Reform and 92 agrichemical compariies 
represented by the National Agricultural 
Chemicals Association. A bill was intro- 
duced in both houses of Congress last 
week, and given the broad support is 
thought to have a good chance of passing. 
But the American Farm Bureau, repre- 
senting the users of the chemicals, has still 
not put its name to the bill. It wants to see 
a clause to protect farmers from lawsuits 
arising from approved pesticide use, and it 
has considerable clout in Congress. Nego- 
tiations are said to be at a delicate stage. 
Tim Beardsley 
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West German universities 





NEWS 


Shortening of courses urged 


Hamburg 

A DRASTIC shortening of university cours- 
es has been advocated by the Wissen- 
schaftsrat, the standing committee of 
scientists and delegates from the federal 
and regional governments which functions 
as West Germany's senior science advis- 
ory board. In a 130-page document 
published earlier this month, Heinz 
Heckhausen, the chairman who is also the 
director of the Max Planck Institute for 
psychology at Munich, says that the 
average length of university studies in 
West Germany is much greater than in 
comparable countries. His report advo- 
cates a basic four-year course with only a 
few exceptions. 

A century ago, most university students 
studied for only three years, but since then 
their courses have been lengthening stead- 
ily. The Heckhausen report says that the 
average length of study in social science 
and economics amounts to 11 half-year 
semesters. In mathematics, natural 
science and medicine, students spend an 
average of 12.8 semesters at university. 
Chemistry students, who usually finish up 
with a doctorate, spend no fewer than an 
average of 19 semesters at their universi- 
ties, which means that they are usually 31 
years old by the time they leave. 

Under the new proposals, the content 
of university courses would be chosen to 
give students “a high degree of profession- 
al mobility" and would be complement- 
ary to professional practice. Courses 
would ordinarily last for four years, but 
there would be an extra three months of 
study for certain courses with exceptional 
needs. 

The proposals fit in well with the recent 
discussions of the proposed new university 
law Hochschulerahmengesetz (see Nature 
316, 96; 1985 and 317, 717; 1985). Signifi- 
cantly, however, they are addressed not to 
students but to academic boards, to uni- 
versities and to professors. This may be 
the first time in the long discussion of this 
problem that responsibility has been 
shifted from students to officials. 

The underlying difficulty is that the 
threefold increase of student entrants to 
West German universities, from 65,000 
іп 1950—61 to 155,000 in 1984—85, has not 
been accompanied by reorganization of 
university courses. As long ago as 1966, 
the then minister of education in the fed- 
eral government, Hans Leussink, advo- 
cated that action should be taken, but 
almost the only tangible result was that 





Correction 


IN last week's Nature (320, 101; 1986), the 
name of John McTague, the acting director 
of the White House Office of Science and 
Technology Policy, was misspelt. O 





discussions of the problem were made 
more prominent. 
The Keckhausen report is critical of 


proposals that have emerged from the. 


Studienreform Kommission in the past 
few years, which has suggested “ways of 
reducing the length of 10 university cours- 
es (excluding the time occupied by final 
examinations) to 10 semesters, a further 
four courses to nine semesters, but with 
courses in architecture remaining 12 
semesters long. According to the new 
report, these are inappropriate recipes. 

The Wissenschaftsrat’s own proposals 
rely crucially on the assumption that a 
small proportion of the students complet- 
ing first “four-plus” courses at universities 
would go on to graduate studies. The 
Heckhausen report, however, contains no 
specific proposals as to how the existing 
university courses would be shortened, 
and there are many who argue that shift- 
ing the problem to the universities is no 
solution. 

Thus Theodor Berchem, the president 
of the Westdeutsche Rektorenkonferenz 
(the standing committee of university 
heads), has warned that too much should 
not be expected from the Wissenschafts- 
rat’s proposals, which have been realized 
“only on paper”. He points out that stu- 
dents whose employment prospects are 
not bright or who seek the high grades 
required for entry to the civil service will 
be tempted to prolong their studies to 
improve their grades by changing "the 
places after the decimal point". 

According to WRK, there will be a 
change only if industrial companies are 
prepared to relax their demands of leaving 
students for high qualifications. Others 
point out that the universities have not yet 
been able to demonstrate that they can 
reduce the length or specialization of their 
courses, while the Gewerkschaft Erzie- 
hung und Wissenschaft calls the proposals 
“hollow” and “cobbled together", saying 
that the necessary conditions for their 
implementation must be а sufficiently 
generous payment to students and better 
professional prospects. 

On the other hand, the federal minister 
for eduation, Dorothee Wilms, has prais- 
ed the recommendations, emphasizing 
that the central and regional governments 
are in agreement on the issues raised by 
the report. She says that the federal 
government has already offered the re- 
gional governments asistance with the 
preparation of new graduate courses, but 
that it will be for the universities them- 
selves to carry through the bulk of the 
reform. She hopes that the growing com- 
petition among universities for students 
will be a powerful incentive for change. 

Jürgen Neffe 





French elections 


Chevénement's 
last hurrah? 


M. JEAN-PIERRE Chevènement, the 
architect of the French socialists’ expan- 
sionary science policy, startled French 
voters on the eve of last Sunday's general 
election with the proposal that the grandes 
écoles should be doubled in size. Much of 
the interest of this proposal lies in tts 
source. Chevénement is the leader ot 
Ceres, the most substantial left-wing 
grouping within the Socialist Party. and as 
such might just as well have proposcd that 
the grandes écoles. the training grounds of 
the French élite, should be abolished. 

Since the beginning of his two-year spell 
as French minister of research and indus- 
try five years ago, Chevénement has been 
an ideas man. Now that the voters have 
proved the opinion polls right, and have 
robbed the socialists of their hold on the 
executive branch of the government. 
there will be no chance to tell whether the 
proposal was seriously intended or merely 
an election ploy. But this is not the first 
time that Chevénement has departed from 
the ideology of the left: as minister of 
education during the past two years. he 
has been responsible for a number of 1n- 
novations — such as the singing of the 
Marseillaise every morning in the /vcées — 
which are more popular with the right 
than the left. 

This may not be as inconsistent as it 
sounds. Chevénement now calls himself a 
"republican élitist"; what he did last week 
was merely to endorse a report he had 
commissioned from Mme Josianne Serre. 
director of the École Normale Supérieure 
de Sévres, whom he had asked to find 
ways of doubling the annuat entry to the 
grandes écoles, now a meagre one per cent 
of the annual entry into higher education. 
What Serre (and Chevénement) now 
propose is that entry should not depend 
exclusively on success in the "baccalaure- 
ate С”, with its emphasis on mathematics 
and physics, but on the results of a broader 
school-leaving examination. 

The Serre report also advocated that 
the proposed doubling of the population 
of the grandes écoles should be brought 
about not only by increasing the size of 
existing institutions but hv creating more 
of them, concentrating on technical fields 
other than the branches of conventional 
engineering to which most grandes écoles 
are at present dedicated. This coincides 
with the present inclinations of the 
grandes écoles themselves. for which 
reason there is a chance that these intluen- 
tial institutions could make the changes 
happen even if the new. government 
declines Chevénement's offer to serve 
even in a right-wing government under 
suitable conditions. Robert Walgate 
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Embryo research 


SiR—I cannot claim to have read every 
word submitted to the Warnock Commit- 
tee of Inquiry into Human Fertilisation 
and Embryology, of which I was a mem- 
ber, but I am reasonably sure that at least 
in our discussions the word “pre-embryo” 
was never used. Certainly we were all well 
aware that the human embryo for the first 
two weeks of its existence, and even more, 
bears no visual resemblance whatever to 
the later embryonic and fetal stages, but I 
can recall no efforts either within or from 
outside the committee to redefine the ear- 
ly stages as not an embryo. Within the past 
year, however, the word “pre-embryo” 
has been creeping in. For instance Maxine 
Clarke (Nature 319, 349; 1986) reports 
that nine research councils in Europe 
agree that research should be restricted to 
the "pre-embryo" and that the British 
Medical Research Council is supporting 
research to develop a test to identify heal- 
thy pre-embryos. 

If research on embryos were an uncon- 
tentious matter, and if scientists were 
generally of the opinion that the new ter- 
minology helped their understanding, no- 
body would have many qualms at the 
name change. But those who are introduc- 
ing "pre-embryo" into the vocabulary 
know full well that the research is indeed 
contentious and that fundamental issues 
have yet to be resolved. They complain, 
with justification, when embryos are de- 
scribed as “unborn children" in hostile 
parliamentary bills, but they are them- 
selves manipulating words to polarize an 
ethical discussion. 

The central issue is whether it is justifi- 
able, once an egg has been fertilized, for 
anyone to perform experiments on the re- 
sulting embryo when those experiments 
are not in the best interests of that particu- 
lar embryo. This is a complex and pro- 
found issue. The introduction of cosmetic 
words does not help. 

Davip DaAviEs 
Wester Ground, 
Chittlehamholt, Umberleigh, 
North Devon EX37 9NU, UK 
David Davies was Editor of Nature.from 1973 
to 1980. 





Price of star wars 


Sm—Joseph Hertzlinger (Nature 319, 8; 
1986) has drawn attention to an aspect 
that I had overlooked in my letter (Nature 
317, 470; 1985) about some of the con- 
sequences of the US Strategic Defense In- 
itiative (SDI). However, the plutonium 
scattered into the atmosphere by the non- 
nuclear explosion of a Soviet missile will 
not only increase the background alpha- 
radiation by about 50 per cent; unlike 
naturally-occurring radon gas, it will be 
unevenly distributed in the troposphere 
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and, as plutonium oxide, it will be in solid 
form. A litre of inhaled air containing 1 ug 
of the oxide could be lethal; a litre of air 
free of the plutonium but with the average 
global proportion of radon gas would have 
less than one ten-millionth of the radioac- 
tivity of 1 ug of plutonium and be virtually 
harmless. 

Probably more important than the scat- 
tering of radioactive debris in the atmos- 
phere, however, are the consequences of 
the arrival at ground level of guidance- 
damaged missiles and parts of exploded 
warheads containing plutonium-239. The 
rumpus caused by that part of the recent 
report of the Australian Royal Commis- 
sion dealing with the British A-bomb 
crash tests at Maralinga related to the scat- 
tering of a few kilograms of plutonium 
Over a test site in the Australian desert. In 
the SDI scenario, the amount of pluto- 
nium could be thousands of kilograms and 
the "test site" could be populated Europe. 

R.V. HARROWELL 
Devana, Cardinal's Green, 
Horseheath, Cambridge CBI 6QX, UK 


SmR—R.V. Harrowell (Nature 317, 470; 
1985) raises an interesting question about 
a successful US defence system, but his 
conclusions may be misleading. Consider 
the more extreme case where 15,000 kg of 
plutonium-239 is uniformly dispersed 
throughout the 2 x 10° km’ of Europe 
(bounded by 5°W to 15°E longitude and 
45°N to 55°N latitude). It is assumed that 
an operable ATBM (anti-theatre ballistic 
missile) defence system intercepts 100 per 
cent of the incoming warheads at very low 
altitudes. A simplified pathway to human 
intake will be used in which only the 
effects on the lungs due to inhalation of 
insoluble plutonium-239 are considered. 
The particle size of the plutonium-239 will 
be assumed to be about 1 um AMAD 
(activity median aerodynamic diameter). 
The deposition velocity is taken to be ab- 
out 1 em 57”, and the average breathing 
rate for humans is about 20 m? per day. A 
rough estimate of the average mass of 
plutonium-239 that might be inhaled per 
person is 

(15,000 kg) (20 m? d) 

---------- -017ш. 

(2 х 10* km?) (1cm s) 
The committed dose per unit intake of 
inhaled plutonium-239 is 16 uGy Ва”! 
(ref.1) (which converts to 37 mGy yg). 
Thus, the dose commitment per person 
within the area of interest would be appro- 


ximately 6 mGy. Since the ICRP (Interna- | 


tional Committee on Radiological Protec- 
tion) limit for radiation workers is 25 mGy 
(ref. 2), the doses that most people would 
receive are not lethal. There would cer- 
tainly be an increase in the long-term 
effects (for example, lung cancers), but 
the short-term mortality rate would not be 
significantly changed. 

The question of whether one dies quick- 








ly by nuclear annihilation or slowly by plu- 
tonium poisoning is not the central issue. 
The more realistic threats of future anti- 
ballistic missile (ABM) (and ATBM) de- 
fence systems deserve more attention. 
The ABM Treaty of 1972 has recently 
raised a dilemma regarding the US 
Strategic Defense Initiative because it is 
only a bilateral measure and does not 
address the ATBM issues. This substan- 
tive deficiency must be addressed in the 
near future lest the heavens surely become 
the battleground of the twenty-first 
century. 
BHUPENDRA JASANI 
Guy LETTEER 
Stockholm International 
Peace Research Institute, 
Pipers Väg 28, 
S-171 73 Solna, Sweden 
1. United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR). Joniz- 
ing Radiation: Sources and Biological Effects, 1982 
Report to the General Assembly, Annex E. p. 239. 
2. Recommendations of the International Commis- 


sion on Radiological Protection, Annals of the 
ICRP ICRP Pub. 26. vol. 1, no. 3, January 1977. 





Women back to work 


Srg—In his article on career breaks (Na- 
ture 319, 522; 1986), Richard Pearson re- 
marks that *many more women would re- 
turn if it could be to part-time work". The 
academic world has been slow to recog- 
nize this important condition, but the 
situation is changing. For example, the 
Science and Engineering Research Coun- 
cil has given positive support for part-time 
appointments to its fellowships and grant- 
funded positions. 

I have initiated a scheme of part-time 
fellowships for women wishing to return 
to academic research in science and en- 
gineering. The first group of fellowships 
has been funded by British Gas, British 
Telecom, GEC, the Leverhulme Trust, 
the Institute of Physics, ICI and BICC. 
Donations have been received from Rank 
Xerox and British Aerospace. 

Over a quarter of a million pounds has 
so far been raised and the first seven fel- 
lows have been appointed. Ninety ap- 
plications have been received; well over 
half of the applicants have PhDs and well 
over a third have industrial experience. 
Two essential features of the scheme are 
that the fellowships are part-time 
and retraining is available. The university 
departments involved have been most 
helpful. 

It is hoped that this scheme will serve as 
a pilot project for the return of qualified 
women to industry. It is clear that retur- 
ners should be offered flexible working 
patterns and that contact must be made 
through local press and radio. 

D.F. JACKSON 
Department of Physics, 
University of Surrey, , 
Guildford, Surrey GU2 5XH, UK 


NATURE VOL. 320 20 MARCH 1986 








NEWS AND VEWS 


Heavy-ion positrons explained 


The surprising observation of mono-energetic positrons in heavy-ion collisions may not be ihe 
signature of a novel particle but merely a sign that classical physics has been overlooked. 


THAT apparently small phenomena per- 
ceptively observed can lead to huge con- 
ceptual changes is a large part of the ex- 
citement of science. Newton's apocryphal 
falling apple is one example. Another is 
the recognition, by Meitner and Frisch 
(Nature 143, 239; 1939) that the presence 
of barium in the products of the reaction 
of neutrons with uranium must mean 
something odd, such as the fission of 
heavy nuclei. 

So it is inevitable that there should have 
been suppressed excitement for well over 
a year about an unexpected phenomenon 
associated with the collision of heavy ions 
which appears first to have been recog- 
nized at the heavy-ion accelerator at 
Darmstadt, the West German town just 
south of Frankfurt which, since last 
weekend, will briefly be best known as the 
site from which the European Space 
Agency coordinated the flight of the Giot- 
to spacecraft to Halley’s comet. 

The circumstances are these. The 
Darmstadt laboratory, in German the 
Gesellschaft fiir Schwerionenforschung, 
has a longstanding (and successful) in- 
terest in the creation of artificial heavy 
nuclei, to which end it is equipped to col- 
lide heavy ions with each other so energe- 
tically that the Coulomb repulsion of their 
positive charges are overcome. The sur- 
prise, first reported in 1983, is that if the 
combined charge of the colliding ions is 
great enough (more than 163 units) the 
collisions are accompanied by the produc- 
tion of positrons with a precise energy 
(measured in the rest frame of the collid- 
ing ions). 

Specifically, the energy distribution of 
the positrons appears to have a peak at an 
energy of 336 keV, which is itself 
apparently independent of the nature of 
the colliding ions. The width of the dis- 
tribution is 75 keV or so, implying that the 
positrons are produced from a source 
whose lifetime is long by the yardstick of 
the time taken by the nuclear collision of 
the ions, estimated at 10™ seconds or so. 

The excitement generated by these 
Observations is easily imagined. The 
temptation has been irresistible to specu- 
late about the properties of the unknown 
particles that are supposedly formed in the 
collision of heavy nuclei and which, by 
their radioactive decay, yield the posit- 
tons that are observed. One of the 
favourite candidates has been the axion, 
the particle that should exist if parity and 
isotopic spin are not conserved in weak 











nuclear reactions (see Nature 319, 717; 
1986). There haseven been the beginnings 
of a controversy on the subject, with some 
people saying that axions are produced 
because of their coupling to electrons, 
while others have held that the production 
process involves the interaction of hadro- 
nic particles, nuclear matter proper. 

It now seems more probable that both 
camps are wrong, and that the unexpected 
observation of positrons in heavy-ion col- 
lisions is not so much evidence of a novel 
state of matter but rather a sign that even 
the people who should know much better 
have overlooked what should now be 
elementary physics. That, at least, is the 
implication of a modest article by Cheuk- 
Yin Wong, from the Oak Ridge National 
Laboratory in the United States, in the 10 
March issue of Physical Review Letters 
(56, 1047; 1986). 


Wong's argument is essentially quite! 


simple. It turns on what should be by now 
Dirac’s familiar description of what the 
vacuum is like. The point is merely that 
when Dirac first recognized more than 
half a century ago that a properly relativis- 
tic equation for the quantum motion of a 
free electron would admit of energies that 
are negative as well as positive, he was 
compelled to save the appearances by sup- 
posing that all the negative energy levels 
were in the real world completely occu- 
pied. If this were not the case, ordinary 
free electrons would forever be making 
the transition from a positive to a negative 
energy level, with the result that we would 
live in a world filled with radiation more 
energetic than the equivalent of 500 keV, 
which is half the smallest gap between a 
positive and negative electron energy 
level. 

As the world knows, Dirac’s view, 
strange though it may have seemed at the 
time, has been a great success. A positron 
is nothing but a hole in the sea of ordinary 
electrons with negative energy. The anni- 
hilation of positrons by ordinary electrons 
is the occupation of such a hole by an 
ordinary electron. The creation of an elec- 
tron pair by a sufficiently energetic photon 
(whose energy must exceed the equivalent 
of twice 500 keV) consists simply of the 
promotion of an electron from the nega- 
tive energy sea, leaving a hole that seems 
to be a positron, into an ordinary state of 
positive energy. Particle field theory is full 
of many more sophisticated applications 
of the same principle, under the banner of 
the “polarization of the vacuum” by suffi- 











ciently strong fields of force. (Near a black 
hole, gravitational forces produce other 
particles than electrons in this way.) 

In essence, what Wong now says is that 
the positrons observed in heavy-ion colli- 
sions arise in much the same way. Dirac's 
concept ofa sea of electrons is valid only m 
the absence of electrical or magnetic 
forces, and must therefore be modified in 
the neighbourhood of a nucleus. Wong 
points out that the energy of the two elec- 
trons in the lowest bound state in an atom 
whose atomic number is greater than 150 
is negative, which is another way of saying 
(a little crudely) that its binding energy to 
the nucleus of the atom is greater than tts 
rest energy, that due to its mass. 

Indeed, Wong argues that for a suffi- 
ciently heavy ion entirely devoid of elec- 
trons, it would be energetically favourable 
that there should be created two clectron- 
positron pairs, each of them crammed into 
the ground state of the nucleus (which 
would not be forbidden bv Pauls exclu- 
sion principle). 

The extension of the argument to 
heavy-ion collisions is straightforward. 
Electron-positron pairs created in this 
way in the ground states of colliding tons 
would be shaken loose during the collision 
and thus left to their own devices In the 
centre of mass of the system, thev would 
be virtually at rest. Only mutual annihila- 
tion would be feasible. So why should not 
the electrons and positrons annihilate 
each other in pairs? Sometimes. no doubt. 
they do, producing 500-ke V radiation that 
will promptly be lost in the background. 
The more noticeable process, according to 
Wong, is that a single pair should annihi- 
late each other. producing a single photon 
and transferring the excess momentum to 
a second positron that happens to be in the 
neighbourhood. 

The surprise in this simple calculation is 
that the numbers turn out to be just right. 
The calculated kinetic energy of the sur- 
viving positron is 341 keV. Wong predicts 
that the accompanying photons (which 
might be detected by a coincidence experi- 
ment) should have an energy equivalent to 
681 keV. There should also. he savs. be 
observed the products of the inverse pro- 
cess in which excess momentum is trans- 
ferred to an ordinary electron. That at 
least is something for which the ex- 
perimentalists can hope to look. while 
they berate themselves (not to mention 
their theorist advisers) for having forgot- 
ten about Dirac. John Maddox 
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Axon outgrowth in vertebrates 


from P.H. Taghert and J.W. Lichtman 


CARL Speidel observed the growth of 
single nerve fibres in the tails of living 
tadpoles mare than fifty years ago’. De- 
spite the ease with which he could watch 
axons over lang time-periods (see figure) 
this line of enquiry lay more or less dor- 
mant until very recently. Perhaps one 
reason that in situ studies of axon out- 
growth have been avoided is that it was 
not clear what such observations should 
explain — the relation between axon out- 
growth and the specificity of neuronal 
connections was not always as evident as it 
now seems. Indeed, Paul Weiss prom- 
ulgated for many years hypotheses 
arguing that axons either grow every- 
where (resonance in the patterns of the 
activity of pre- and post-synaptic cells 
generated the specificity), or grow any- 
where (the specificity occurring as a 
secondary step when central connections 
became specified by the targets axons 
contacted)’. Although it is now clear that 
at least some axons transiently project to 
multiple regions (see ref. 4 for review), 
recent work, including two reports in this 
issue^5, shows that at least some axons are 
guided to their intended targets. 

Itis now generally agreed that the cellu- 
lar and molecular mechanisms underlying 
the specificity of neuronal connections 
concern two general phenomena. The first 
is the guidance of developing axons to the 
neighbourhoods of the appropriate 
targets; the second is the formation and 
subsequent refinement of synaptic con- 
nections. The importance of axon guid- 
ance for synaptogenesis is obvious: 
neurones are capable of making synapses 
only with those targets that their growing 
axons can contact. It follows that to eluci- 
date the basis of specific synaptic connec- 
tions the mechanisms that guide develop- 
ing axons through the embryonic cellular 
environment must be understood. 

The articles by Harris! and by Eisen et 
alin this issue help to elucidate these 
mechanisms in vertebrate embryos at a 
time when we are becoming increasingly. 
knowledgeable about axon outgrowth in 
invertebrates. Tlie application of cellular 
techniques to the study of developing 
axons and growth cones in situ in insect 
embryos" generally support the hypothe 
esis that the growth cones of individual 
neurones (via filopodia) actively select 
among many available cell substrates spe- 
cific pathways on which to extend. Identi- 
fied neurones make stereotyped choices 
of substrates at specific locations in the 
developing neuropil or periphery. These 
observations of normal growth-cone 
behaviour in developing embryos have 








generated the view that the most critical 
environmental factor is the set of cell- 
surface ‘markers’ whose existence is infer- 
red from the stereotyped and highly selec- 
tive pathway choices made by individual 
growth cones’ and the equally selective 
filopodial contacts at the precise times 
that pathway changes occur". 

These inferences (formalized as the 
labelled pathways hypothesis) are in 
many ways analogous to Sperry's chemo- 
affinity hypothesis that sought to explain 
the precise connection between cells of 
the retina and the tectum in vertbrates. 
An experimental test of the labelled path- 
ways hypothesis shows that specific 
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Extension of a growth cone and its branches 
over several weeks in a regenerating tadpole 
tail (from the original work of Speidel’). 


ablation of particular neurones and 
mesodermal cells causes the growth cones 
of the neurones that normally choose the 
ablated cells as substrates either to stall or 
to select a different pathway. It is thought 
that the major factor controlling this 


directional movement of growth cones 


consists of specific interactions between a 
growth cone and its neighbouring sub- 
strates. In this view, pathway alterations 
result from sampling the cell surfaces of 
available substrates and substrate prefer- 
ence reflects the greatest adhesion be- 
tween two cells whose membrane labels 
are most ‘compatible’. 

The study of axon guidance in insect 
embryos has been so fruitful because of 








the accessibility and identifiability of 
embryonic neurones during the stages of 
development at which the critical events 
occur. It has been much more difficult to 
study vertebrate embryos. Recently, 
Lynn Landmesser and her colleagues have 
described the behaviour of chick motor 
neurones as they navigate out of the spinal 
cord towards their muscle targets both 
during normal development and following 
experimental manipulation". Their in- 
terpretation of the events suggests that the 
vertebrate axons find their specific targets 
by growing along stereotyped pathways. 

Eisen et al. return to the approach in- 
itiated by Speidel by examining the 
growth of individual motor axons in the 
spinal cord of living zebra fish embryos. 
They have used the optical clarity of this 
embryo and the intracellular injection of 
fluorescent probes to describe the com- 
plete sequence of events as the growth 
cones of the motor neurones first navigate 
out of the spinal cord. Consistent with the 
behaviour of growth cones in insect 
embryos and the interpreted behaviour of 
chick spinal motor neurones, these cells 
appear to make cell-specific pathway 
choices. Similarly, within the developing 
fish spinal cord, the first interneurones to 
project axons do so along stereotyped 
substrates". The stereotyped, precise and 
cell-specific nature of the axonal guidance 
suggests direct parallels with similar phe- 
nomena in insect embryos. 

Harris’ also examined the development 
of stereotyped axon pathways in the ver- 
tebrate nervous system. Once again, the 
novelty of the study arises from analysis 
performed not just after growth cones 
have finished navigating, but also during 
the formation of these pathways. Retinal 
neurones placed at ectopic locations in the 
developing brain of the South African 
clawed toad (Xenopus) appear to home-in 
to their normal target region in the de- 
veloping tectum. Especially noteworthy is 
the evaluation of the trajectory of ectopic 
axons during their corrective action. Har- 
ris demonstrates that the axons do not fail 
to navigate correctly even at times soon 
after axonogenesis, and it is only when the 
primordium of the retina is placed at long 
ectopic distances from its prospective 
target that evidence of ‘error’ is found. 

The ability of developing vertebrate 
neurones to correct experimental mis- 
placement up to a certain spatial point as 
demonstrated by Harris is reminiscent of 
events in the chick spinal cord". Interes- 
tingly, the interpretations differ slightly 
in their emphasis: Lance-Jones and 
Landmesser" suggest that motor neurones 
navigate under normal circumstances by 
deciphering some aspect(s) of the local 
environment at what are now called deci- 
sion points". Past a certain distance, ac- 
cess to the proper local environment is no 
longer possible and thus mistakes in axon 
projection occur with increasirig regular- 
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ity. Harris! emphasizes the fact that retinal 
neurones seem to show directional pre- 
dilictions almost anywhere when they are 
ectopically placed in the developing brain. 
Hence, he predicts that the positioning of 
cell-surface signals (or strength of a dif- 
fusible gradient) necessary for the guid- 
ance of particular axons are not restricted 
to decision points but are instead distri- 
buted to many neuronal locations. 

Perhaps the two sets of interpretations 
could be reconciled by considering the 
absolute distances of the ectopically 
placed neurones from their normal 
targets. Are the dimensions of the de- 
veloping Xenopus brain very much grea- 
ter than those of the local environment 
deciphered by chick motor neurones? 

In the examples we have described here 
(and in others; see, for example, ref. 13), 
the picture is beginning to emerge that the 
earliest neurones to project axons in the 
developing nervous system of vertebrates 
do so in a stereotyped manner. The 
mechanisms that underlie this form of 


Archaeology 





211 





development, and their relationship to 
potentially analogous mechanisms of in- 
vertebrate systems, are fast becoming sub- 
jects of more than simple speculation. О 
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Beginnings of English village life 


from Richard Hodges 


TWENTY-FIVE years ago archaeologists 
generally believed that the first English 
villagers of the fifth to seventh century Ap 
lived in ‘pit-houses’ in a primeval condi- 
tion. Improved excavation techniques in 
the 1960s, however, brought a new image 
of the early English to light. By éxcavating 
large areas rather thar trenches it became 
apparent that the remains of post-built 
halls existed alongside these sunken pit- 
houses. Moreover, the new excavation 
techniques revealed a material culture 
pertaining to daily life as opposed to the 
common picture of a barbaric society. 
Although contemporary cemeteries con- 
tained bodies inhumed with swords, 
shields and spears, the first excavated vil- 
lages by contrast seem to have been places 
of rich tranquility. Such points have been 
revealed by one of the first of these village 
excavations, at West Stow, Suffolk’. 

This village, one of several discovered 
from this era, was situated in the Lark 
Valley, north of Bury St Edmunds. Ex- 
cavations and survey show that the Ro- 
man villas in the area were falling into 
decay by about ap 400, well before the 
imperial government left Britain; it is 
equally clear that West Stow, like several 
other communities, was founded in the 
wake of this traumatic decision’. The new 
report charts the sequence of the com- 
munity from the early fifth and seventh 
centuries, when it was probably aban- 
doned in favour of a nearby site. At any 
one time there were about three halls 
accompanied by up to about a dozen small 








sunken huts. Each hall was constructed of 
posts set deeply into the ground with walls 
clad presumably with wattle and daub, 

whereas the sunken huts were smaller 
buildings, probably with lean-to roofs 
over a sunken floor. It is now thought that 





econstruction of the West Stow village (courtesy of 
Suffolk County Council). 


the halls were for accommodation, while 
the sunken huts were used for domestic 
crafts and storage. The halls, however, are 
unlike contemporary German long- 
houses and much closer in style to the 
peasant farms of Roman Britain’, 

The absence, until the seventh century, 
of ditched enclosures around each farm 
unit is also strikingly at variance with con- 
tinental village patterns іп this period". 
Yet the material culture is a classic early 
Anglo-Saxon assemblage. The stamp- 
decorated sixth century pottery, the bone 
combs and the jewellery are consistent, if 
poorer in quality, with the assemblage 
foundin the cemetery at West Stow as well 
as other Anglian cemeteries. Faunal and 
botanical assemblages also show a pattern 








of mixed farming with pigs making up a 
fairly high proportion of the livestock 
(about 20 per cent), while it appears that 
spelt, typical of Roman farms, had been 
replaced by wheats and rye (pages 86, 103 
of ref. 1; and ref. 6). The subsistence 
strategy suggests a localized regime of low 
intensity compared with the more special- 
ized, productive agrarian policies of Ro- 
man times. West Stow must have had a 
population numbering about 20-30 until 
the early seventh century when the village 
was abandoned. Note that ditches enclose 
the final-phase buildings, as if in the era of 
St Augustine and with the coming of 
Christianity, attitudes to property altered. 

The survey of the Lark Valley indicates 
that West Stow was typical; similar vil- 
lages existed at regular intervals following 
the desertion of the Romans. The material 
culture suggests that their occupants were 
English, whereas the buildings hint that 
they were descendants of Romano- 
British peasants adapting to the changes. 

For almost two hundred years a largely 
domestic mode of production was sus- 
tained with involvement in regional ex- 
change being only on a modest scale. At 
the same time, some elements of warrior 
status occur in the cemetery in the form of 
speats and shields despite the egalitarian 
agrarian character of the village buildings. 
Some tiine before ар 700 almost all the 
early Anglo-Saxon sites in the valley were 
deserted in favour of new loci, most of 
which are still occupied today (page 170 of 
ref. 1). These divisions look purely func- 
tional and economic, with river frontages, 
water meadows and arable land, backing 
onto high drier sheepwalks. However, 
other recent village excavations such as 
those at Raunds (Northamptonshire) and 
Wharram Percy (North Yorkshire) show 
that the parish church and its bounds 
were features of the tenth century and the 
socio-economic changes of that era" 

The ехбауайопѕ at West Stow provide 
an image of the trarisitory age between 
the collapse of Roman Britain and the for- 
mation of the Christian kingdoms of the 
seventh century. It is too soon to challenge 
the traditional history, yet, just as these 
excavations reveal that Anglo-Saxon far- 
mers did not inhabit pit-houses, it is clear 
that their agrarian way of life constitutes a 
significant chapter іі the evolution of 
English medieval life. П 
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Origins of chloroplasts 


from A. E. Walsby 


Our Victorian forebears did such a good 
job of describing the major groups of 
plants, animals and microbes that it is now 
a particular delight to find even a new 
species, let alone a representative of a new 
family or higher order. A decade ago, 
R.A. Lewin’s discovery of the Pro- 
chlorophyta", a new division of photo- 
synthetic microbes, was therefore quite 
momentous, particularly when it was real- 
ized that this might be the missing link in 
the evolution of chloroplasts. The study of 
prochlorophytes since then has been ham- 
pered because only symbiotic forms have 
been found, none of which can be grown 
in culture’. But on page 262 of this issue’, 
T. Burger-Wiersma and her colleagues re- 
port the discovery of the first free-living 
prochlorophyte from the Loosdrecht 
lakes of the Netherlands. 

The Prochloron found by Lewin is an 
oxygen-evolving photosynthetic prokary- 
ote that possesses both chlorophyll a and 
b, the photosynthetic pigments of green 
plants". The serial endosymbiosis theory? 
claims that eukaryotes — all those organ- 
isms whose cells have a true nucleus and 
membrane-bound organelles — arose by 
the symbiotic merger of prokaryotic 
organisms, and that in eukaryotic plants 
the chloroplast developed from a cyano- 
bacterium (blue-green alga). This particu- 
lar aspect of the theory had one drawback: 
although cyanobacteria also perform a 
similar type of photosynthesis based on 
chlorophyll а, they lack chlorophyll b, the 
pigment that is involved in the second oxy- 
genic photosystem of plants (photosystem 
ID. They have instead a photosystem 
based on pigmented phycobiliproteins 
which, although functionally homolo- 
gous, must have evolved by a different 
route. It is probable that cyanobacteria 
were the precursors of chloroplasts in red 
algae, which have almost identical phyco- 
biliproteins, but what of chloroplasts in all 
the other plant groups? Did they develop 
from primitive red algae, evolving chlor- 
ophyll b to replace the phycobiliprotein 
pigments of photosystem II, or were they 
products of a separate endosymbiosis in- 
volving prochlorophytes* that had already 
adopted such a replacement? One might 
even ask which came the first, the cyano- 
bacteria or the prochlorophytes? 

In an attempt to answer such questions 


Lewin’s Prochloron has been investigated: 


from every conceivable angle. The first 
Prochloron was found on the surface of 
didemnid ascidians (sea squirts, sedentary 
hemichordates that produce sponge-like 
incrustations on rocks) in the intertidal 
region of Baja, California. Other pro- 








chlorophytes that differed in size and 
other minor respects were soon disco- 
vered in tropical waters but they, too, 
were always present in association with 
these same animals. The failure to grow 
prochlorophytes in culture even produced 
some anxiety that they might not be com- 
plete organisms but chloroplasts, escaped 
from some unidentified algae and en- 
slaved by their sea-squirt host. In the abs- 
ence of cultures there was no option but to 
analyse the few prochlorophyte cells that 
could be obtained from the sea-squirts. 
Structural and biochemical analyses of 
precious milligrams of material show 
Prochloron to be closely related to 


.cyanobacteria’. The organism possesses a 


peptidoglycan wall, diagnostic of eu- 
bacteria, and polyhedral carboxysomes 
(stores of the CO,-fixing enzyme) peculiar 
to autotrophic prokaryotes. The caro- 
tenoids and lipids are similar to those in 
cyanobacteria, as are other features of the 
cytoplasm. The most telling comparison 
is that of their ribosomal RNA sequences, 
which indicate that Prochloron is phylo- 
genetically closer to cyanobacteria than 
to the chloroplasts of green plants’. One 
important finding’ was that the symbiotic 
Prochloron had a DNA genome size of 
relative molecular mass 3.6 x 10°, simi- 
lar to that of many cyanobacteria and 
30 times greater than the residual genome 
of chloroplasts, which is insufficient to 
support an independent existence by these 
organelles. 

In one respect tbe prochlorophytes did 
resemble green chloroplasts more closely 
than cyanobacteria: their thylakoids 
(photosynthetic membranes) were paired 
or stacked. However, this may be a quasi- 
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mechanical consequence of the presence 
of chlorophyll b and the absence of phyco- 
bilisome structures, which in cyanobacter- 
ia prevent the close juxtaposition of neigh- 
bouring thylakoids. It may not, therefore, 
be of any phylogenetic significance. 

With the newly discovered free-living 
prochlorophytes, which morphologically 
resemble filamentous cyanobactéria, it 
wil be possible to make even more 
fundamental comparisons. For example, 
although Burger-Wiersma et al. find no 
trace of phycobiliproteins in the cells, it 
would still be interesting to see if there are 
DNA base sequences homologous with 
the structural genes for these proteins that 
have been isolated from several cyanobac- 
teria during the past year. Even more ex- 
citing is the prospect of using recombinant 
DNA technology to transfer the genes re- 
quired for a chlorophyll b photosystem IT 
into phycobilisome-disabled mutants of 
cyanobacteria (and vice versa). These 
experiments would define the amount of 
information required to evolve such a 
photosystem and in this way shed light on 
the origins and affinities of these photo- 
synthetic prokaryotes. 

In just one respect the discovery of the 
free-living prochlorophyte has done a 
disservice to biologists: previously, Pro- 
chloron could be obtained only by visiting 
a sun-drenched beach in Baja or a tropical 
island. A surprising number of biologists 
not noted for their field work found such 
visits worthwhile. Now they can investi- 
gate the biochemistry of a prochlorophyte 
in the comfort of the laboratory. Li 
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from Nature 33, 469, 18 March 1886 








Copy of part of a photograph taken at Dehra Dun in 1884, showing 
a sunspot passing over the Sun's edge 


In the large photographs now secured at Meudon and in India, showing the sunspots, I am 
glad to say almost every day now, on a scale of 8 inches to the sun's diameter, we get 
wonderful records of what a spot really is, and how it changes. 
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NEWS AND VIEWS 


Desperate appliances 


from Miranda Robertson 


Ir was widely prophesied last year that the 
first clinical trials of gene therapy would 
be under way before the end of 1985 if 
obstructive action by the US Food and 
Drug Administration (FDA) did not pre- 
vent them'. Asit turns out, however, gene 
therapists have been thwarted not by the 
FDA but by the biology of the retroviruses 
on which they depend for gene transfer. 
That the paper published by Hock and 
Miller on p. 275 of this issue? constitutes a 
substantial advance in the development of 
retroviral vectors for human gene therapy 
is a measure of how far away it still is. 

The paper reports the transfer of a drug- 
resistance gene to human bone marrow 
cells. What makes it important is that this 
is the first time that has been achieved in 
the absence of infectious helper virus 
(which could contaminate the bone mar- 
row cells and preclude their use for gene 
therapy); and that the drug-resistance 
gene is expressed in the transfected cells. 
The ingenuity that has gone into the de- 
sign and construction of the retroviral vec- 
tors that have made this possible is awe- 
inspiring; but it seems it is not enough. 
What are the problems of the technology, 
and what now are the prospects for putting 
it to use? 


Prospects 

No-one expects in the foreseeable future 
to be interfering with human fetuses: the 
immediate hopes for gene therapy are 
concentrated on those diseases that could 
in principle be treated by the manipula- 
tion of haemopoietic cells of the bone 
marrow, which are relatively easily re- 
moved and replaced and provide a self- 
renewing population of cells for the prop- 
agation of transferred genes. (A compre- 
hensive account of the prospects for gene 
therapy is given in ref. 3.) The diseases 
that are susceptible to this approach in- 
clude disorders of the haemopoietic cells 
themselves — hereditary anaemias and 
immune deficiencies — and single-protein 
deficiencies such as haemophilia in which 
the release of the missing protein into the 
bloodstream would correct the defect. 

Its success depends on the efficiency 
with which a normal copy of the defective 
gene can be introduced into bone marrow 
cells in such a away that it will be express- 
ed as protein in their progeny. The effi- 
ciency of the vector is crucial because if 
the gene is to persist in the bone marrow 
after it has been returned to the patient it 
must enter the self-renewing stem cells 
that are responsible for replenishing the 
entire haemopoietic population. These 
stem cells have been estimated to com- 











prise 0.01 per cent of bone marrow cells, 
and there is no guarantee that all of those 
transfected will express the gene; so to be 
certain of getting useful amounts of the 
normal gene product it may be necessary 
for the vector to enter virtually 100 per 
cent of the cells. Only retroviral vectors 
are capable of this order of efficiency; but 
an elaborate series of manoeuvres has 
been necessary to devise a vector that will 
deliver the gene without leaving the cells 
full of infectious virus. Briefly, the trick is 
as follows. 

The vector contains only the gene to 
be transferred; the sequences necessary to 
insert itself into the DNA of the cell and 
ensure transcription of the gene it carries 
(both contained in the long terminal repe- 
ated sequences (LTRs) at its ends); and a 
packaging signal — an uncharacterized 
sequence that enables the viral genome to 
be packaged into its protein coat and 
escape the cell as an infectious particle. 
Because it does not contain the coat- 
protein genes, however, it is incapable on 
its own of generating infectious particles. 
Large quantities of infectious virus must 
nonetheless be generated for the efficient 
transfection of bone marrow cells, and this 
is made possible by introducing plasmids 
containing the vector sequences into cell 
lines that harbour what are known as hel- 
per viruses. The helper viruses still have 
their coat- and envelope-protein genes, so 
that when the vector genes are replicated 
in the cell, they can be packaged in the 
helper coat proteins. The packaging cell 
line is incubated with the bone marrow 
cells, which the vector particles are able to 
enter. Once in the bone marrow cells, the 
vector genome becomes integrated in the 
cellular DNA where, because it has no 
coat-protein genes of its own, it cannot 
give rise to further infectious particles. 
With an intact helper virus, helper parti- 
cles are produced along with the vector 
particles; this is not acceptable for human 
gene therapy and can now be avoided by 
the use of helper viruses from which the 
packaging signal has been deleted so that 
they cannot package their own genomes 
and are trapped in the cell lines they are 
grown in. 

Such a combination of packaging- 


„defective helper and retroviral vector has 


been successfully used to introduce drug- 
resistance genes into mice, through trans- 
fection of the bone marrow**; but until 
now no-one had been able to get it to work 
in human bone marrow cells, and people 
were beginning to wonder if the systems 
that work for mouse cells .are for some 
reason simply unsuitable for use in man. 














Hock and Miller have now shown that this 
is not the case. They used a cell line, PA- 
12, which contains a packaging-defective 
helper with a wide host range, to produce 
a vector carrying the dihydrofolate reduc- 
tase (dhfr) gene, which confers resistance 
to methotrexate, and have been able to 
grow drug-resistant cells from transfected 
human bone marrow. 


Problems 

The drug-resistant cells that they grew in 
this way were, as it happens, derived from 
CFU-GM cells, the progenitor cells for 
the myeloid lineage. How likely is it that if 
the system will work for CFU-GM it will 
also work for the self-renewing stem cell 
--агагет and more elusive species? There 
is no completely satisfactory answer to this 
question, largely because there is no un- 
equivocal assay for the self-renewing 
haemopoietic stem cell short of putting it 
back in the animal, which is not an option 
where the appropriate animal is man. But 
experiments with essentially similar sys- 
tems in mice suggest that if it will work for 
alate progenitor like CFU-GM then it will 
work for earlier ones too. It would help to 
show that drug resistance can be conferred 
in the same way to other human precursor 
cells that can be assayed in vitro — name- 
ly, the erythroid precursor BFU-E and the 
earlier progenitor cell CFU-MIX, which 
is the precursor of both CFU-GM and 
BFU-E. Hock and Miller have almost but 
not quite done this. 

Using two other vectors, they have suc- 
ceeded in growing drug-resistant colonies 
of all three progenitor cell types, but only 
from cultures containing helper viruses. 
The helper virus in the cultures was an 
unpleasant surprise: it  materialized 
through recombination between the 
packaging-defective mutant and the vec- 
tor during co-incubation, because of a 
short region of homology between the 
vector and helper viral sequences (the vec- 
tor that came out helper-free did not have 
this region of homology). This rather stri- 
kingly illustrates some of the hazards of 
working with retroviral vectors — people 
do worry about the possibility of recom- 
bination between vectors and endogenous 
viral sequences in human cells; but 
although the presence of the helper virus 
would be an absolute bar to the therapeu- 
tic use of the cells, it does not account for 
the essential observation that drug resist- 
ance can be transferred to three types of 
haemopoietic progenitor cells: expression 
of the transferred genes can be detected in 
the bone marrow immediately after trans- 
fection, when it can only be due to the 
activity of the vector. 

Nor does the presence of helper virus 
seem materially to affect the efficiency of 
transfection, which Hock and Miller esti- 
mate at about 3-10 per cent for CFU-GM. 
This is almost certainly too low for prac- 
tical purposes, partly because it is clear 
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from experiments with mice that only a 
small proportion of those cells containing 
the gene are likely to express it. Indeed, 
expression in general has been a major 
problem, especially in human bone mar- 
row cells, which is another reason for the 
importance of the results reported by 
Hock and Miller. On the other hand, 
again, the fact that the drug-resistance 
genes are expressed even in the CFU-MIX 
does not necessarily mean they would be 
expressed in self-renewing haemopoietic 
stem cells. This is not a quibble: it is 
known that the viral sequences can induce 
permanent suppression of viral gene ex- 
pression in embryonic cells, and although 
the mechanism is unknown it is suspected 
that the viral LTRs may be responsible. 
This raises the unwelcome possibility that 
the failures of stable gene expression in 
bone marrow are due to analogous 
mechanisms that cause stem cells to sup- 
press everything under the control of the 
viral LTR. Re-engineering the LTR so as 
to retain its essential functions in vector 
replication and integration, but eliminate 
the suppressive effect, would not be 
trivial. 

It is probably fair to say, that problems 
of efficacy are for the moment taking pre- 
cedence over questions of safety. If you 
cannot make a vector work, after all, you 
will not be tempted to endanger anyone 
with it. But it is acknowledged that 
only for the mortally ill would a treatment 
involving the random insertion of viral 
DNA in the chromosomes of proliferating 
bone marrow cells seem justified. 

In an ideal world, the introduced gene 
would be targeted to replace precisely the 
defective one by site-specific recombina- 
tion. This would not only eliminate the 
danger inherent in random insertion: it 
would also guarantee correctly regulated 
gene expression — a truly major advance. 
At present, the hereditary anaemias, 
which are the only really common genetic 
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disorders of the haemopoietic cells, are 
out of reach because precise regulation of 
globin gene expession is essential and no- 
one yet knows how globin gene regulation 
works, still less how to manipulate it. 

: There have recently been two reports of 
site-specific recombination of genes intro- 
duced into mammalian cells in plasmid 
vectors”, one of them involving a globin 
gene’. But in neither case is the recom- 
bination reliable or accurate enough to 
have any immediate implications for gene 
therapy (the implications of the globin 
gene experiment, and its limitations, have 
been very clearly laid out in these columns 
by Tom Maniatis). Moreover its ef- 
ficiency is vanishingly low: it is the special- 
ized and indiscriminate nature of the viral 
LTR insertional mechanism that makes 
the retroviral vectors so efficient. 

For the time being, therefore, the pros- 
pect of gene therapy is limited to those 
life-threatening genetic diseases that are 
due to a single gene defect whose effects 
can be corrected by the insertion of the 
normal gene into the bone marrow with- 
out the need for precise regulation of gene 
expression; and for which there is no other 
cure. The consensus is that clinical trials 
are very unlikely before next year. I can 
summarize more elegantly with the lines 
from which I borrowed the title of this 
article: 

*Diseases desperate grown 
By desperate appliances are relieved, 
Or not at all." 
(Shakespeare wrote them.) Li 
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Temperature of the ice sheets 


from G.S. Boulton 


CHANGES in the surface environment of 
the Earth on a timescale of 10'— 10° years 
are determined by interactions between 
oceans, ice sheets and atmosphere in re- 
sponse to changes in incident solar radia- 
tion. There are two ways of reconstructing 
these changes: first, the classical geo- 
logical approach, in which dated physical 
remains are used to infer past environ- 
ments by empirical studies of modern con- 
trols on their character and distribution; 
and second, by the demonstration of the 
disequilibrium between the current state 
of a system and the factors which should 
control that state. A splendid illustration 


of this ‘memory effect’ is described else- 
where in this issue (Dahl-Jensen, D. & 
Johnsen, S.J. Nature 320, 250; 1986). 

The memory effect allows the recon- 
struction of past changes on a timescale of 
the order of the response time of the sys- 
tem. But the extent to which the memory 
can be recalled is limited by our theoretic- 
al comprehension of the behaviour of the 
system. The components of the Earth's 
hydrosphere are not simple systems which 
react in a simple way to single external 
causes, but are complex, interactive and 
intrinsically difficult to analyse explicitly 
without the excessive empiricism that 








NATURE VOL. 320 20 MARCH 1986 


tends to dull the cutting edge of our analy- 
tical tools. Whereas numerical and analy- 
tical methods should be kept as simple 
as possible for the job in hand, some 
empirical data, which appear opaque 
to simple techniques, can yield invaluable 
insights when analysed more thoroughly. 

Dahl-Jensen and Johnsen now demons- 
trate that the measured temperature pro- 
file at the Dye-3 bore-hole in the southern 
dome of the Greenland ice sheet is signifi- 
cantly different from the profile calculated 
to be in equilibrium with modern condi- 
tions. Using a simple heat-transfer equa- 
tion, the authors show that surface 
temperatures must have been colder in the 
past. Furthermore, by assuming constant 
surface temperature and accumulation 
through the last glacial cycle, they calcu- 
late the combination of the two which 
would be compatible with the measured 
profile. Assuming that surface tempera- 
tures lay in the range -30 to —35°C, the 
authors calculate an accumulation value 
of about 50 per cent of the modern values. 
The result is probably only the first step in 
deducing the significance of the tempera- 
ture profile anomaly. It should be pursued 
further, as it represents a valuable piece in 
an important jigsaw puzzle. 

Much work has been done on the recon- 
struction of environments in the North 
Atlantic region around South Greenland 
during the last glacial/interglacial cycle. 
The polewards heat flux in atmosphere 
and ocean are greater in this zone than any 
other comparable latitudinal zone of the 
Northern Hemisphere and the amplitude 
of change from glacial to interglacial has 
been greater here than elsewhere. Ter- 
restrial and oceanic evidence has demons- 
trated strong environmental changes even 
within the last glacial episode, beginning 
at about 120 kiloyears ago (BP) and 
ending about 10 kiloyears вр. 

The North Atlantic appears to have re- 
mained an ‘interglacial’ ocean with a cir- 
culation similar to that of the present until 
about 75 kiloyears вр, from when, until 
about 13 kiloyears Bp, glacial circulation 
dominated, with an outward surface flow 
from the polar ocean (Ruddiman, B.F. 
Bull. geol. Soc. Am. 88, 1813; 1977). On 
land, a major arctic glacial episode 
appears to have coincided with the early 
period of interglacial circulation (Boul- 
ton, G.S. et al. Nature 296, 437; 1982), 
possibly associated with high accumula- 
tion rates on the North Greenland ice 
sheet (Andrews, J.T. et al. Geology 2, 
355; 1974), suggesting particularly high 
moisture fluxes from a still-warm ocean 
surface into a cooling Arctic. The period 
between 75 and 13 kiloyears BP was associ- 
ated with strong mid-latitude glacier 
growth and arctic glacial decay, reflecting 
possible drying and cooling of the Arctic 
as the polar front moved far south, pro- 
ducing deflection of major storm tracks 
towards the growing mid-latitude ice 
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sheets and starving arctic ice masses. 
South Greenland stands in the critical 
pivotal zone in this north/south see-saw. It 
would be surprising if the assumption of a 
stable glacial climate in Dahl-Jensen and 
Johnsen’s model survived the relaxation 
of restrictions such as constant thickness 
and flow pattern. 

There are probably many natural sys- 
tems that are analysed in a highly con- 
strained way which would appear very 
different if some of the constraints were 
relaxed. There is often much empirical 
data which can be used to define a bound- 
ary condition that can be satisfied by a 
properly posed, highly coupled, numer- 
ical solution in which the interactions are 
not artificially restricted. In the case of an 





ice sheet such as that of Greenland, time- 
dependent thermomechanically coupled 
dynamic models, such as those currently 
being developed, should be applied to 
ice-sheet evolution to calculate the mass 
balance and flow changes that would 
satisfy boundary conditions such as tem- 
perature profiles, isotope composition, 
gas pressure, crustal rebound and glacial 
geology. But even such a solution would 
have to be considered for compatibility 
within a larger system of oceanic and at- 
mospheric changes o 
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Cell motility 


Regulation by phosphorylation 


from J. M. Scholey 


Many motile activities of celis are be- 
lieved to be driven by the actin-activated 
ATPase activity of myosin. In the decade 
since it was reported’ that the phosphory- 
lation of platelet myosin increases its 
actin-activated ATPase activity, similar 
results have been obtained with many 
different vertebrate non-muscle myosins. 
This suggests that changes in the degree of 
phosphorylation of myosin light chains 
represent a widespread regulatory mechan- 
ism that serves to switch on and off the 
actin-activated ATPase activity of myosin 
within vertebrate non-muscle cells. But 
this simple interpretation of the effects of 
phosphorylation has now been questioned 
by P.D. Wagner and J.N. George’, using 
calf thymus myosin. 

Thymus myosin resembles other verte- 
brate non-muscle myosins in possessing 
two regulatory light chains (relative 
molecular mass, M, ~ 20,000), one on 
each head of the molecule, which can be 
phosphorylated, resulting in a stimulation 
of actin-activated ATPase activity (see 
figure)". The actin-activated ATPase 
activity of thymus myosin varies as a func- 
tion of the concentration of actin filaments 
(F-actin) according to Michaelis-Menten 
kinetics. Wagner and George have now 
measured the maximum rate of actin- 
activated ATPase activity (V...) and the 
actin concentration required to produce 
10 Vax (called K,,,), for both phosphory- 
lated and unphosphorylated thymus 
myosin’, 

Surprisingly, they find that light-chain 
phosphorylation causes a 15- to 20-fold 
decrease in K but does not affect the 
Vax SO that the unphosphorylated light 
chain can be described as a competitive 
inhibitor of the actin-activated ATPase. 
At low concentrations of actin, phosphory- 
lation relieves the inhibition, thereby 





stimulating the actomyosin ATPase activ- 
ity. However, as the actin concentration 
increases, the capacity of this actin to 
‘compete’ out and overcome the inhibit- 
ory effect of the unphosphorylated light 
chain also increases until, at sufficiently 
high actin concentrations (76 mg ml”), 
both phosphorylated and nonpbosphory- 
lated myosin hydrolyse ATP at similar 
rates (close to V, ). 

Light-chain phosphorylation therefore 
seems to be a feasible mechanism for 
switching on and off the actin-activated 
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A vertebrate non-muscle myosin molecule, 
consisting of two heavy chains (M, 200,000) 
and two pairs of light chains (M,s 20,000 
and 16,000). The molecule is asymmetrical, 
comprising two pear-shaped heads attached 
to a fibrous rod. The heads contain the 
actin-binding and ATPase sites. Each one 
contains one of each type of light chain. The 
function of the M, 16,000 light chains (LC416) 
is unclear. The M, 20,000 light chain (Г.С) 
has been implicated in the regulation of 
actin-mysoin interaction. P, phosphory- 
lation sites on LCyy and on the heavy chains. 





ATPase within thymus cells, but only at 
low cellular F-actin concentrations. About 
1-10 mg mI! actin is thought to be present 
in non-muscle cells in vivo, but the effec- 
tive concentration of actin filaments in 
localized regions of the cell is unknown. 
Light-chain phosphorylation also 
stimulates the polymerization of thymus 
myosin into filaments in vitro, but it is not 
known whether the effect is physiologi- 
cally relevant’. Whether thymus myosin, 








like several other vertebrate non-muscle 
myosins, can also be phosphorylated on its 
heavy chains (see ref. 6) is not vet known. 
but if so, this modification would be 
another possible mechanism for regulat- 
ing its activity’. For example. the stimu- 
lation of myosin assembly caused bv 
changes in the level of heavy- or light- 
chain phosphorylation may be an impor- 
tant element in the pathway leading to the 
activation of cytokinesis". But the protein 
may not need to assemble into filaments to 
translocate particles along actin filaments, 
a process which can be driven by myosin 
monomers", A new procedure for visual- 
izing myosin filaments in cells" could be 
used to determine whether phosphory- 
lation regulates myosin filament assembly 
in vivo as well as in vitro. 

How similar is thymus myosin to the 
protein from other tissues? Properties 
such as enzyme activity. immunological 
cross-reactivity, filament assembly and 
regulation of myosin isoenzymes differ, so 
thymus myosin could be a special case. 
Indeed, it differs from chicken gizzard 
smooth muscle myosin, where the major 
effect of light-chain phosphorylation is 
greatly to increase the V... of the actin- 
activated ATPase activity". suggesting 
that phosphorylation stimulates the actin- 
activation of this myosin even at verv high 
concentrations of actin. Phosphorylation 
of skeletal muscle myosin light chains has 
a much smaller effect on the actin-activated 
ATPase activity, causing only a twofold 
decrease in K,,, and no change in V, , (ref. 
12). It would be interesting to know 
whether these differences reflect physio- 
logically significant differences between 
non-muscle, smooth and skeletal muscle 
contractile systems. 

Another question concerns whether 
phosphorylation of myosin from thymus 
and from other vertebrate non-muscle tis- 
sues can regulate motility (as opposed to 
enzyme activity and filament formation). 
An assay for the movement of myosin- 
coated beads along actin filament bundles” 
will be useful in addressing this question. 
Indeed, Sellers et al.“ have shown that 
light-chain phosphorylation regulates 
translocation of gizzard myosin-coated 
beads along actin filaments and have 
demonstrated a high correlation between 
motility and ATPase activity. 

Some of the actin-binding proteins pre- 
sent in non-muscle cells may also contri- 
bute to the regulation of motility. Interes- 
tingly, Wagner and George’ report that 
tropomyosin seems to mimic light-chain 
phosphorylation, causing a large decrease 
in the K,, of unphosphorylated thymus 
myosin to a level similar to the K,_ of 
phosphorylated myosin. This suggests 
that unphosphorylated and phosphory- 
lated myosin are equally effective in caus- 
ing movement in regions of the cell that 
contain tropomyosin, even if the actin 
concentration is low. Actin flaments con- 
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taining tropomyosin plus troponin (a 
skeletal muscle Ca^-binding regulatory 
protein) activate the ATPase activity of 
unphosphorylated myosin in the presence, 
but not in the absence (less than 105M) 
of Са?". 

In contrast, activation of the ATPase 
activity of phosphorylated thymus myosin 
by actin-troponin-tropomyosin is insensi- 
tive to calcium. Therefore, light-chain 
phosphorylation stimulates the actin- 
tropomyosin-troponin-activated ATPase 
activity of thymus myosin" independent of 
the actin concentration when the Са?” con- 
centration is less than micromolar. But it 
is not known whether troponin is present 
in non-muscle cells. 

To elucidate the functions of myosin in 
non-muscle cells, antibodies that speci- 
fically inhibit the actin-activated ATPase 
activity of myosin can be microinjected 
into living cells. Treatment of cells in this 
way causes an inhibition of cytokinesis but 
not mitosis”, 

Analogous experiments, using probes 
that specifically inhibit myosin phosphory- 
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lation in living cells (such as antibodies to 
myosin kinases) might similarly illuminate 
the role of this modification in the regu- 
lation of actomyosin-based motile activi- 
ties in many cells. o 
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Molecular biology 


Brevity is the soul of wit 


from Roger H. Pain 


IN HIGHER organisms, protein-coding 
genes are made up of exons, each of which 
encodes relatively short sections of the 
protein chain, and introns, intervening re- 
gions of DNA that are not translated into 
protein. This revolutionary discovery led 
to speculation that this sort of gene struc- 
ture could provide the basis for rapid and 
radical steps in the evolution of proteins’. 
One development of this idea is the pro- 
posal that the sections of protein encoded 
by exons have particular biochemical 
functions within the whole molecule; in 
1981 M. Go assigned different functions of 
the haemoglobin molecule to the three 
exons of the globin gene”. In the 5 March 
issue of the Journal of Molecular Biology, 
De Sanctis and colleagues report that a 
polypeptide corresponding closely to one 
of these exons binds haem to form a ‘mini- 
myoglobin' which exhibits the oxygen- 
binding function of whole myoglobin’, 
providing experimental evidence for Go’s 
hypothesis. 

` The idea that one structural and func- 
tional domain of a protein is encoded by 
one exon has developed as the structures 
of more genes have become known. The 
function of a domain can range from speci- 
fic antigen binding to the provision of 
small sections of peptide or ‘beads’ that 
can be strung together by exon multiplica- 
tion to form a chain of a functionally 
appropriate length. But if the larger exons 
originally encoded’ ‘ancestral’ protein 
units (those that existed in isolation from 


other exon-coded units), then the 
polypeptide must have been able to fold 
into a reasonably stable conformation to 
exercise the specific function on which its 
evolutionary selection would be based’. 
Experimental confirmation of these 
proposals, in terms of the ability to fold 
and the expression of a biochemical func- 
tion, is made difficult by the sophisticated 
and specialized mutational changes in the 
ancestral protein unit that have led to the 
present-day form of the protein. Changes 
in amino-acid composition that strengthen 
the interaction of the ancestral unit with 
other exon products, and which modify or 
supplement the original function, may de- 
crease the ability of the original structure 
to function independently. Increasing the 
number of non-polar amino-acid residues 
on the surface of a protein, for example, 
can strengthen the interaction between 
two domains but at the same time make 
the isolated unit less 
stable in aqueous 
solution. Therefore, 
exon-coded domains 
may only be fossils, 


with no relevance to + 

their intrinsic struc- 

ture or function. But 

if it is true that, 
throughout evolu- 
tionary modification, 
the ability of the do- 
mains to fold into a 


very precise three- 
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dimensional conformation is retained oi 
strengthened at all steps of development 
of each protein, an experimental test о! 
the hypothesis should be possible. 

The first protein structure to be deter- 
mined in three dimensions was myo- 
globin. Watson and Kendrew showed that 
this protein consists largely of helical seg- 
ments of backbone chain folded back on 
one another in such a way that one side of 
each helix points to the solvent and the 
other to the core of the molecule. A cleft 
in this structure, lined with appropriate 
amino-acid residues, receives the haem 
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Fig. 1 The myoglobin gene of the grey seal". 


group like a coin entering a slot. The gene 
encoding myoglobin comprises three ex- 
ons separated by long introns (Fig. 1). Gó 
performed a nearest-neighbour analysis of 
the amino-acid residues in the structure of 
globin and found that the peptides en- 
coded by the two outer exons fold so as to 
fall naturally into two clusters (or do- 
mains) of amino acids, separate from each 
other and flanking the remaining peptide 
that folds to form the haem slot (Fig. 2). 
The bonds joining residues 30—31 and 
105—106 each occur within helices, hence 
these exons do not encode neat domains 
that are immediately obvious to the eye, 
unlike those in immunoglobulins and 
nucleotide-binding enzymes. 

In their new work, De Sanctis et al. 
excised a peptide from myoglobin that 
corresponds to that encoded by the central 
exon but which contains an additional 30 
residues at the carboxy-terminal end. This 
peptide binds haem with high affinity and 
then behaves as a mini-myoglobin by com- 
bining reversibly both with carbon mon- 
oxide and with oxygen. Remarkably, the 
kinetics of these reactions are very similar 
to those of whole myoglobin. 

These results provide strong evidence 
that the central exon encodes a functional 
unit, whose structure is very similar to that 
in the intact protein, in order that amino: 
acid residues that are essential for oxygen 
binding (such as histidines) may be 
oriented precisely towards the haem. A 
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Fig. 2 Conformation of the three exon-coded peptides of the beta- 
chain of haemoglobin, which shares a common three-dimensional 
conformation with myoglobin?. Numbers, amino-acid residues, 


NATURE VOL. 320 20 MARCH 1986 





similar experiment using the precise cen- 
tral domain was only partly successful, 
supporting the notion that, without addi- 
tional stabilization, the domain of the 
present-day protein lacks the stability that 
is presumed to have existed in the ances- 
tral exon product. 

Despite the apparent evidence to the 
contrary from the globin gene structure, 
G6 proposed that the peptide encoded by 
the central exon comprises two structural 
domains’. Subsequent analysis of the gene 
encoding plant leghaemoglobin, which 
shares the globin family conformation, 
showed the presence of four exons with 
the additional intron exactly where Go 
predicted. 

Has the break been gained recently, by 
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insertion’, or does this reflect the primor- 
dial gene structure? If the latter is true, the 
experiment of De Sanctis et al. suggests 
that a functional role for either or both of 
these domains could be assigned. Who 
will have the wit to explore the ultimate 
brevity of micro-myoglobin? LI 
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Topology 


The Poincaré conjecture proved 


from Ian Stewart 


A SOLUTION to the Poincaré conjecture, 
one of topology's biggest open questions 
which dates from 1904, was announced 
earlier this month by Eduardo Régo (Cen- 
tro Matemática Ruy Luis Gomez, Uni- 
versity of Oporto) and Colin Rourke 
(Mathematics Institute, University of 
Warwick). Their work sets the seal on 
some 80 years of intensive effort by 
mathematicians, and represents a fun- 
damental advance in our understanding of 
three-dimensional topology. 

Topology is the study of those prop- 
erties of objects that are unchanged by 
continuous transformations. Its origins 
can be traced back to 1735 when Leonhard 
Euler solved the problem of the Kónigs- 
berg bridges, but it first acquired math- 
ematical significance around 1860 with the 
work of Georg Bernhard Riemann on 
Riemann surfaces. Over the past 50 years 
it has developed into a major area of 
mathematics, and its influence now ex- 
tends throughout the subject. It is now 
starting to play an important role in ap- 
plied science; for example there are topo- 
logical questions in the same general area 
as the Poincaré conjecture that lie at the 
heart of current attempts to unify the fun- 
damental forces of nature. 

A major triumph of topology in the 
nineteenth century was the complete classi- 
fication of (closed compact) surfaces. The 
orientable, or two-sided, surfaces are all 
equivalent to a sphere or a torus with one 
or more holes. (The number of holes is 
called the genus of the surface.) The non- 
orientable, or one-sided, surfaces are 
similarly classified by their genus. The 
genus is a topological invariant: if one sur- 
face can be transformed continuously into 
another, the number of holes does not 
change. This implies that all possible sur- 
faces may be topologically classified by 








just two items of data: orientability/non- 
orientability; and the number of holes. 

One of the most important problems in 
topology is to extend these classical results 
on surfaces to their multidimensional ana- 
logues, called manifolds. (A surface is a 
two-dimensional manifold.) For example, 
it would be extremely useful to have a 
complete classification of (closed com- 
pact) manifolds of any given dimension. 
The main idea is to associate with each 
manifold various algebraic structures that 
capture key features of the topology. One 
of the most basic, introduced by Henri 
Poincaré in 1895, is the fundamental 
group. This determines the way in which 
closed loops in a manifold may be de- 
formed into one another. 

For example, consider a circle, the sim- 
plest one-dimensional manifold. Two 
loops round a circle may be deformed into 
each other if, and only if, they wind round 
the circle the same number of times. 
(Topologists then call them homotopic, 
meaning similarly situated.) The algebraic 
Structure arises because loops can be 
‘added’ by joining them end to end. If 
loops with winding numbers m and n are 
so joined, the result winds round m+n 
times. The fundamental group is thus the 
set of integers (representing the winding 
numbers) under the operation of addition 
(representing the joining of two loops in 
sequence). 

For a two-dimensional sphere — the 
surface of a solid ball — the fundamental 
group is trivial, that is, it consists of a 
single element. This happens because any 
loop on a sphere may be shrunk to a point 
by sliding it over the sphere. The two- 
dimensional sphere is said to be simply 
connected. For this and other reasons 
topologists consider the two-sphere to be 
the simplest of all surfaces, that is, the one 
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with fewest topological complications. 

For a torus (or doughnut) two distinct 
winding numbers are required: the first 
representing the number of times the 
curve winds around the hole in the middle: 
the second the number of times it winds 
around the body of the torus (like the 
stripes оп a barber's pole). The fun- 
damental group therefore consists of pairs 
(m,n) of integers, and the operation of 
joining loops again corresponds to arith- 
metical addition: (m.n)+(p.g)=(m+p.n 
tq). As this is a different algebraic object 
from the integers or the trivial group. it 
follows that a torus cannot be topological- 
ly deformed into a circle or a sphere. That 
a torus is not topologically equivalent to a 
circle is obvious on other grounds; that 15 
not deformable into a sphere is less ob- 
vious. For more complicated examples. 
the fundamental group plays a central 
role. 

The fundamental groups of all surfaces 
can be calculated, and it can be seen that 
they are all non-trivial (that is. thev con- 
tain loops that cannot be shrunk to a 
point), unless the surface is a two-sphere. 
In other words, any surface with a trivial 
fundamental group must be topologically 
equivalent to the two-sphere. 

The Poincaré conjecture is the exact 
analogue of this fact for the next dimen- 
sion of manifolds — three-dimensional 
manifolds. Once again there is a particu- 
larly simple three-dimensional manifold. 
the three-dimensional sphere. which can 
be thought of as ordinary three-dimen- 
sional space, but ‘gathered together’ at 
infinity so that it closes up on itself. much 
as a square of cloth can be gathered into a 
closed bag by pulling tight a loop of string 
around its edge. The three-sphere has a 
trivial fundamental group (every loop can 
be shrunk to a point). Poincaré's question 
(Rendiconti del Circolo matematico di 
Palermo 18, 45; 1904. reprinted in 
Oeuvres de Henri Poincaré Vol. VI p.498: 


Gauthier-Villars, Paris. 1953). posed with | 


the off-hand remark "this question would 
lead us too far astray”. is the converse. If 
a (connected closed compact) three- 
dimensional manifold has a trivial fun- 
damental group, then must it he topologi- 
cally equivalent to the three-sphere? Poin- 
caré's problem turned out to be one of the 
most baffling in mathematics. and it soon 
joined the ranks of other notorious and 
difficult unsolved problems, such as Fer- 
mat's last theorem or the Riemann 
hypothesis. 

To explain why the problem turned out 
to be so difficult, and to explain how Régo 
and Rourke have now solved it, we need 
to look at the higher-dimensional ana- 
logues of the problem. The fundamental 
group, using as it does one-dimensional 
loops, is incapable of capturing certain fea- 
tures of higher-dimensional manifolds. 
For example it cannot distinguish between 
a solid ball and its two-sphere boundary. 
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But analoguous invariants may be con- 
structed using ‘loops’ (actually spheres) of 
higher dimension. These objects are cal- 
led the higher homotopy groups. In the 
subject of algebraic topology, many varia- 
tions on this theme have been introduced, 
calculated and analysed. A major part of 
the research effort of the past 50 years has 
gone into refining such ideas. 

It can be shown that if a three- 
dimensional manifold has a trivial fun- 
damental group, then it is a homotopy 
three-sphere: that is, all of its higher 
homotopy groups (fundamental and high- 
er) are the same as those of the three- 
sphere. Poincaré's problem now has an 
immediate generalization to all dimen- 
sions: must every homotopy sphere be a 
genuine sphere? 

Ever since Poincaré stated his problem, 
it and its generalization have been under 
incessant (and largely unsuccessful) 
attack. Only for the two-dimensional case 
— surfaces — was the answer known to be 
‘yes’, as a result of the classification 
theorem. While topology grew ever more 
powerful, Poincaré’s problem remained 
almost totally intractable. It is not hard to 
see why. To calculate the higher homo- 
topy groups of a given manifold is itself a 
difficult task; but the Poincaré conjecture 
asks the inverse question: given the 
groups, find the manifold. To prove it, 
one must start with a completely arbitrary 
manifold, and then somehow use the in- 
formation on the higher homotopy groups 
to bring it into a recognizable form. For 
surfaces, a case-by-case analysis will do 
the trick, because the classification 
theorem lists all the cases. But in three 
dimensions or more, no classification is 
known, and to make matters worse, the 
unknown status of the Poincaré conjec- 
ture is to some extent responsible for that 
state of affairs. There is an air of Catch-22: 


before proving the Poincaré conjecture, 


one must first prove the Poincaré conjec- 
ture. The only way out is to develop totally 
new methods and bypass the unsolved 
problems of classification. 

The first big breakthrough came in 1961 
when Stephen Smale developed a method 
for breaking manifolds into nice pieces, 
called handles. By moving handles around 
he proved a far-reaching theorem, for 
dimensions five or higher, one of whose 
consequences is the truth of the Poincaré 
conjecture for dimensions п2>5. Original- 
ly, Smale's proof worked only for nz7. 
John Stallings dealt with n—6 and Christ- 
opher Zeeman with n=5. Smale subse- 
quently extended his methods to these 
dimensions. 

Another important tool for the study of 
higher dimensional manifolds was also de- 
veloped in the early 1960s — the techni- 
que of surgery. This is in essence a sys- 
tematic study of the effect of removing 
certain nice pieces of a manifold and 
gluing them back with a specific ‘twist’. 








Using surgery, John Milnor found a coun- 
terexample in dimension seven to the ana- 
logue of the Poincaré conjecture for a 
more specialized case. This is the ‘dif- 
ferentiable' case where the topological 
equivalence is required to be differenti- 
able as well as continuous. Milnor and 
Michael Kervaire obtained a complete 
understanding of this more specialized 
formulation of the conjecture in dimen- 
sions five and higher. 

That left only the three-dimensional 
case (Poincaré's original problem) and the 
four-dimensional case unsolved; but here 
both handle theory and surgery fail to 
work. The number of dimensions is high 
enough to allow complicated behaviour, 
but too small to leave adequate room for 
manoeuvre in eliminating those complica- 
tions. The general feeling was that some- 
thing unusual happens in spaces of dimen- 
sion three or four. But in the late 1970s the 
Cambridge mathematician Andrew Cas- 
son found a way to make handle theory 
start to work in four dimensions. In 1982 
Michael Freedman used ‘Casson-handles’ 
to prove the four-dimensional case of the 
Poincaré conjecture (but not the more 
specialized differentiable case, which re- 
mains open). 

This left just one case of the problem 
unsolved — the dimension three problem 
which Poincaré had originally posed! 
Here the more specialized differentiable 
case is known to have the same answer as 
the continuous case. It is this final ques- 
tion that has now been answered, affirma- 
tively, by Régo and Rourke. Their results 
have been written up as three University 
of Warwick preprints (A Characterization 
of Homotopy 3-Spheres І and 17; and 
Characterizations of $). The proof has 
been subjected to detailed scrutiny by 
several experts and no errors have yet 
been found; it was discussed at a special 
meeting in low-dimensional topology held 
at Warwick this month. Although it is wise 
to be cautious, it seems that the problem 
really has been solved at last. 

The new proof is based on an ingenious 
combination of both methods used to 
solve the higher-dimensional problems — 
handle theory and surgery. In dimension 
three, handle theory was already a well- 
established tool dating back to the dia- 
grams devised by the nineteenth century 
mathematician P. Heegaard. But despite 
many intensive efforts, little progress had 
been made in using Heegaard theory to 
prove the Poincaré conjecture. Surgery, 
on the other hand, was not exploited sys- 
tematically in the analysis of three- 
dimensional manifolds until Robion Kirby 
introduced his ‘Kirby calculus’ in the 
1970s (Inventiones Mathematicae 45, 35; 
1979). The surgery description of a three- 
dimensional manifold can be seen as a 
complicated picture of linked curves. Un- 
fortunately many distinct forms of the 
links can correspond to the same mani- 
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fold. The Kirby calculus attempts to deal 
with this difficulty by giving a complete list 
of ‘moves’ that can be made in the link 
picture, without altering the manifold 
obtained by surgery. 

In 1977 Joan Birman and W. Powell 
observed that there is a useful class of 
surgery descriptions that corresponds at 
once to Heegaard decompositions. It is 
this class of surgery descriptions that is 
exploited by Régo and Rourke. They con- 
sider sumultaneously three descriptions of 
ahomotopy three-sphere. These comprise 
a surgery description of the Birman- 
Powell type in the standard three-sphere; 
the corresponding Heegaard decomposi- 
tion; and the dual surgery description in 
the homotopy three-sphere. Régo and 
Rourke introduce ‘moves’ that alter all 
three descriptions in recognizable and 
predictable ways, and by using these 
moves they rearrange the three descrip- 
tions until the one based on handles — the 
Heegaard decomposition — is finally ren- 
dered accessible to the ordinary handle 
moves used by Smale. At this point the 
homotopy three-sphere is seen to be 
equivalent to the standard three-sphere. 

The simultaneous moves of Régo and 
Rourke can be viewed either as compli- 
cated sequences of Smale moves, or as 
complicated sequences of Kirby moves 
and their duals. In fact they are related to 
these more elementary moves in approx- 
imately the same way that the complicated 
sequences of twists used to unscramble a 
Rubik cube are related to the elementary 
twists of which they are composed. (Thisis 
aloose analogy only; the Rubik cube is not 
relevant to the problem.) 

Ironically, the work of Rêgo and 
Rourke goes against the prevailing wis- 
dom. The main focus of recent work on 
three-manifolds has been directed to- 
wards the remarkable discovery by Wil- 
liam Thurston of connections between 
three-manifolds and  non-Euclidean 
geometry. One hoped-for end-result of 
Thurston's programme was to have been a 
proof of the Poincaré conjecture. The 
‘classical methods’ of Heegaard decom- 
positions or the Kirby calculus had been 
almost written off as too unsophisticated 
to tackle the Poincaré conjecture. 

The results of Régo and Rourke put the 
finishing touches on many known results 
in topology, by removing unnecessary 
hypotheses. There are also important con- 
sequences in four-dimensional topology, 
particularly the existence of a four- 
dimensional manifold having no tri- 
angulation. And their pioneering effort 
paves the way, at last, for a detailed 
understanding not just of the three- 
sphere, but of three-manifolds in general. 
Of course the book of topology is by no 
meansclosed;butamajorchapteris. О 
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Origins of human 
T-lymphotropic viruses 
Sir—Joseph Rosenior finds it hard to 
understand why we have postulated that 
human T lymphotropic virus (HTLV-I) 
originated in Africa'. We were surprised 
by his belief that Japan did not have con- 
tact with Europeans until the eighteenth 
century. While it is true that “Japan was 
virtually cut off economically and politi- 
cally from the rest of the world", it is strik- 
ing that the initial contacts with Portu- 
guese explorers during the sixteenth cen- 
tury occurred precisely in areas of South- 
ern Japan where HTLV-I is endemic. The 
first Portuguese contact arrived іп 15437, 
In 1549, Saint Francisco Xavier, a Jesuit 
missionary, arrived in Kagoshima. He la- 
ter gained Lord Omura Sumita's sanction 
to use the Port of Nagasaki. This port 
prospered and became a large commercial 
centre. The Portuguese established them- 
selves throughout the southern portion of 
Japan and their influence and contact with 
the Japanese became frequent. It is 
known that the Portuguese took Africans 
with them to Japan. The Africans' pre- 
sence can be seen in Portuguese pictorial 
records known as Nanban-Byobu, where 
the artist depicted Portuguese, Japanese 
and Africans together™. 

Further, it is believed that the Portu- 
guese came with African monkeys. The 
Japanese word for monkey amakawa is 
thought by Jiujiró Сора to be derived 
from the Portuguese word macaco also 
meaning monkey (ref. 5 and p.92, ref. 1). 

Recently, Hino et al. supported this 
conclusion by demonstrating that the 
proportion of HTLV-I disease was corre- 
lated with the incidence of Japanese 
Catholics, again consistent with this 
hypothesis. A virus similar to HTLV-I was 
found in Japanese macaques, stimulating 
an alternative idea that HTLV-I entered 
Japan from a monkey. However, viruses 
like HTLV-I were also found in many 
African monkeys’ and Yoshida, Seiki and 
colleagues recently found that the African 
monkey virus (STLV-I) is almost identical 
to the HTLV-I in man (African and 
Japanese)". 

Rosenior is also surprised that we think 
that HTLV-III, the virus which causes 
AIDS, also originated in Africa. He states 
"that HTLV-III occurs . . . in some flocks 
of European sheep." It is ironic that he 
refers to our own work (with M. Gonda), 
although he has misinterpreted the re- 
sults. Visna virus of sheep is very distantly 
related to HTLV-III. Both viruses prob- 
ably have a very ancient ancestral origin in 
common. HTLV-III is much more closely 
related to the simian virus STLV-III, the 
virus isolated by Essex and colleagues 
from African green monkeys. All current 
data from HTLV-I and HTLV-III support 
an African origin for these two human 
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retroviruses. Just as important, no 
alternative reasonable hypothesis has 
been presented. 


Finally, the origin of the only other hu- 
man retrovirus, HTLV-II, is unknown, 


-but its relatedness (about 50% of the 


genome) to HTLV-I suggests that HTLV- 
IL and HTLV-I have common ancestry. 
Ковевт C. GALLO 
ANN H. Suiski 
Laboratory of Tumor Cell Biology, 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, Maryland 20205, USA 
Car os М.С. ре NORONHA 
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Bovine leukaemia virus and 
multiple sclerosis 


Smr—Koprowski et al. provide evidence 
that the serum and spinal fluid of multiple 
sclerosis patients contain antibody which 
cross-reacts with human T-cell viruses and 
that cells from the spinal fluid contain 
RNA which hybridizes with human T- 
lymphotropic virus (HTLV) type I under 
low-stringency conditions. But is it 
possible that the ‘footprints’ which they 
have found are actually those of bovine 
leukaemia virus (BLV)? 

There are strong geographic correla- 
tions between production and consump- 
tion of dairy products and multiple sclero- 
sis’. Moreover, milk from cows shedding 
BLV has caused leukaemia in chimp- 
anzees' and there is epidemiological evid- 
ence linking cattle herds infected by this 
virus with human leukaemia‘. Therefore, 
it seems likely that BLV can be transmit- 
ted in dairy products and cause disease in 
humans, 

It also seems likely that the viral traces 
found in multiple sclerosis patients could 
have been left by BLV. Antisera to BLV 
proteins cross-react with those of human 
T-cell viruses. Amino acid microsequenc- 
ing and statistical analysis reveal 9 com- 
mon amino acid residues out of 24 possible 
comparisons when the NH,-terminal 
sequences from the core proteins of 
HTLV p24 are aligned. The probability 
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that this sequence homology is due to 
chance is only 0.4 x 10°” (ref.5). Nucleic 
acid hybridization experiments thus far 
reveal a sequence homology of 11% be- 
tween the RNA of BLV and HTLV’. 

Diets low in saturated fats (with sharp 
reduction in the use of dairy products) are 
said to help patients with multiple sclero- 
sis’ and the Guillain-Barré syndrome". It 
is an interesting coincidence that one of 
the control subjects studied by Koprowski 
et al. was a patient with Guillain-Barré 
syndrome who also had antibody to 
HTLV. 

In the aggregate, these facts should 
prompt some consideration of B1.V infec- 
tion in patients with multiple sclerosis 
and, perhaps, certain other neurological 
syndromes of unknown cause. 

ALLAN S. CUNNINGHAM 
Mary Imogene Bassett Hospital, 
Cooperstown, New York 13326, USA 
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Endogenous retrovirus 
in multiple sclerosis? 


Sir—In their recent article! Koprowski er 
al. described the presence, in sera from 
some patients suffering from multiple 
sclerosis, of antibodies reactive with anti- 
gens of the human T-lymphotropic viruses 
HTLV-I, -II and -III. Although the au- 
thors did not distinguish between healthy 
blood donors possessing no anti-viral anti- 
bodies or those possessing antibodies onlv 
occasionally in lower titres (there was no 
definition of cut-off in the enzyme-linked 
immunosorbent assay). they cautiously 
suggested that infection by an exogenous. . 
so far unknown retrovirus strain might be 
involved in the development of multiple 
sclerosis. The induction of antibodies that 
cross-react with such immunologically di- 
vergent strains as HTLV-I and -HI and the 
inhibition by both HTLV-I and -III of 
antibody binding to HTLV-I p24 suggest 
that the putative multiple sclerosis strain 
must be very different from the two strains 
investigated. Testing of sera from multiple 
sclerosis patients against a variety of avail- 
able animal retrovirus antigens may help 
to predict more precisely the antigenic 
composition of a putative multiple scler- 
osis retrovirus. 

However, there is an alternative ex- 
planation for the data reported, namely 
the possible activation of a human en- 
dogenous retrovirus in cells of multiple 
sclerosis patients either directly by infec- 
tion with viruses (such as measles, 
varicella, influenza) often associated with 
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the development of multiple sclerosis, or 
indirectly and more likely, by immunolo- 
gical response to such virus infected cells. 
It is well known that chromosomally inte- 
grated, endogenous or exogenous retro- 
viruses can be induced to replicate by im- 
munological mechanisms. 

Evidence for the existence of a human 
endogenous retrovirus is slowly, but 
steadily accumulating. Retrovirus-like 
particles can regularly be observed bud- 
ding from human placental trophoblasts 
(see ref.2 for review). Morphologically 
indistinguishable viruses have been de- 
tected in all investigated trophoblast- 
containing human teratocarcinoma cell 
lines. Animal retrovirus core (gag-) relat- 
ed antigens and corresponding antibodies 
have repeatedly been found in healthy in- 
dividuals and in patients with autoimmune 
disorders (most recently in ref.4). Furth- 
errore, naturally occurring antibodies to 
endogenous retroviruses are widespread 
in animals, including higher primates’. 

Like exogenous retroviruses, induced 
endogenous strains insert their envelope 

` glycoproteins into the’ hosts cell mem- 
brane, rendering the cell vulnerable to im- 
munological attack‘. In astrocytes or other 
glial cells, this process may lead to im- 
munological exposure of myelin basic pro- 
tein (MBP) or other antigens, sensitizing 
and activating MBP-specific T cells. 
Thus, induction of endogenous retro- 
viruses, either directly by horizontally 
transmissible viruses like measles, varicel- 
la or influenza or indirectly by the immune 
response to such virus infected cells, may 
turn out to explain anti-retroviral anti- 
bodies in multiple sclerosis patients. 

REINHARD KURTH 

Paul-Ehrlich-Institut, 
Paul-Ehrlich-Str. 42—44, 
6000 Frankfurt am Main 70, FRG 
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Archaebacterial status 
quo is defended 


Sim —In the interest of the young progres- 
sive field of molecular phylogeny the 
debate between Lake and the *orthodoxy 
of archaebacteria" should be reduced to 


its factual basis. Lake et al. claim (1) that’ 


the urkingdom of the archaebacteria"? be 
divided into two distinct urkingdoms — 
the “eocytes”, comprising the genus Sul- 
folobus and the Thermoproteales and the 
*archaebacteria", comprising the rest’; 
and (2) that the Halobacteriaceae (or, 
rather, Halobacteriales) be transferred 
from the urkingdom of the archaebacteria 
into that of the eubacteria which they, 
after its expansion,  re-christened 
*photocytes"". 

ө Lake bases his claims оп a comparison 











SCIENTIFIC CORRESPONDENCE 


of details of the three-dimensional struc- 
ture of ribosomes as revealed by electron 
microscopy. The phylogenetic usefulness 
of this feature, at the present level of res- 
olution, has been profoundly queried by 
Stóffler-Meilicke et al. and Stóffler and 
Stóffler-Meilicke". 

* The division of the archaebacteria into 
two branches, methanogens plus halo- 
philes and sulphur-dependent archae- 
bacteria, had been recognized previous- 
ly. Yet the sequences of 168 rRNAs'' 
and many other feature designs of both 
branches are clearly too similar to justify 
their promotion to kingdom level”. 

* The alleged homology of the purple 
membrane of some halobacteria and the 
photosynthetic machinery of several 
groups of eubacteria, the only argument 
bésides ribosome shape quoted in support 
of the creation of the *photocyte" king- 
dom, is at best an analogy in principle 
(light energy utilization). Homology (or 
identity of origin) must be proven before it 
can prove relatedness. 

Lake et al. discount the features sup- 
porting the “orthodox” view of one king- 
dom of the archaebacteria including the 
halophiles mainly in two ways: 

e So-called plesiomorphic properties 
(shared by “archaebacteria”, “eocytes” 
and Halobacteriaceae but not eubacteria) 
are considered useless for cladistics in con- 
trast to the "synapomorphic properties” 
which have served to establish the pro- 
posed tree. The reason for this astonishing 
conversion of good archaebacterial fea- 
tures (“orthodox” meaning) into “shared” 
plesiomorphic properties is simply the 
proposed division of one phylum into 
three. Are there other “synapomorphic” 
features common to halobacteria and 
eubacteria? And, if the archaebacterial 
properties are plesiomorphic, why are 
they not shared by any eubacteria? Such 
terms should only be assigned after an- 
alysis and not used in a dialectical and 
tendentious way. 
€ As Lederer explains below, the propos- 
als of Lake et al. in contrast to the tree 
derived from rRNA sequences compari- 
son, prove invalid when tested by the con- 
sistency criteria of Felsenstein”. The king- 
dom of the archaebacteria remains a solid 
entity in our incomplete understanding of 
the early phase of biotic evolution. 
WOLFRAM ZILLIG 
Max-Planck-Institut fiir Biochemie, 
8033 Martinsried bei München, FRG 
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Sir—In his letter “An alternative to 
archaebacterial dogma" (Nature 319, 626; 
1986), Lake claims that the archaebacte- 
rial tree proposed by Woese and Olsen 
(System. appl. Microbiol. in the press) is 
inconsistent because of unequal clock- 
rates in different branches of the tree, cit- 
ing the work of Felsenstein (Syst. Zool. 
21, 401; 1978). 

According to Felsenstein, in an un- 
rooted tree with four branches the re- 
levant sums of transition probabilities, 
which determine the. branching of the 
tree, are not affected by the exact place- 
ment of the root and thus different clock- 
rates. 

By alternatively omitting one branch of 
the two trees shown in Lake's letter, five 
trees with four branches are obtained in 
both cases. Taking the branch lengths to 
represent the transition probabilities, one 
can calculate Felsenstein’s probability 
sums (Prt Pai; Poit Poi Р, Pay). 
All five trees with four branches deduced 
from the tree of Woese did not violate the 
consistency condition (P w+ Pyn must be 
largest), whereas the five trees deduced 
from the tree of Lake violated the con- 
sistency condition in four out of five cases. 
In the one consistent case (a tree with 
eukaryotes omitted), the phylogenetic 
distance between methanogens and halo- 
bacteria used in Lake's tree was 3096 grea- 
ter than that found in Woese's tree. 

Using Felsenstein's criteria it therefore 
seems inappropriate to depart from the 
“archaebacterial dogma”. 

HERMANN LEDERER 
Max-Planck-Institut für Biochemie, 
8033 Martinsried bei München, FRG 
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Beyond hope: Bohr and physics 


R.H. Dalitz 





Niels Bohr: A Centenary Volume. Edited by A.P. French and P.J. Kennedy. 
Harvard University Press:1985. Pp.403. $27.50, £16.50 (£25.25 from 1 April). 





NriELs Вонк was born on 7 October 1885; 
he died on 18 November 1962. His centen- 
nial year was the occasion for many meet- 
ings and addresses about his life and work, 
and its impact on science today. This col- 
lection of about 40 articles gives a broad 
coverage of these topics, together with a 
chronology, a full publication list and a 
substantial glossary (17 pages), all at a 
quite modest price. 

Itisa chastening experience for those of 
the present generation to look back into 
history and see how many parts Bohr play- 
ed and how pervasive was his influence on 
physics in the twentieth century. Most of 
us, for example, know little of the genesis 
of Bohr's atomic theory, beyond the brief 
mention of the Bohr atom in today's text- 
books. To follow his original arguments is 
a most instructive experience, and in the 
book J.L. Heilbron brings out well the 
tenacious way Bohr explored ideas, test- 
ing them in a flexible framework of phys- 
ical principles which were in the course of 
becoming established. No wonder that 
Bohr's collaborator J.C. Slater could see 
him as “a remorseless fanatic” who per- 
sisted in pressing on beyond hope, until 
some link with other truths emerged or 
that line of thought became decisively ex- 
cluded. He sought continually to link up 
half-formed ideas, building upon dimly 
glimpsed relationships. His correspond- 
ence principle was one such relationship, 
and very much his own — more a way of 
life than a principle, said some. In his 
contribution, H. Kragh traces out the 
steps Bohr took to achieve his semiclassical 


theory of the periodic table, a product of 
great intuition and completed long before 
Pauli’s exclusion principle. 

Bohr’s association with Rutherford was 
vital in this early period, not only because 
Rutherford’s laboratory in Manchester 
was the centre for the exploration of nu- 
clear aspects of atoms and molecules but 
also because of the fruitful interaction be- 
tween their personalities. As Bohr work- 
ed and worked, waiting to convince him- 
self that his atomic model covered the 
whole periodic table, Rutherford finally 
thundered “You explain hydrogen, you 
explain helium, and everybody will be- 
lieve all the rest”. And so Bohr’s “Trilogy” 
of papers emerged, forwarded by Ruther- 
ford to the Philosophical Magazine, pub- 
lished there in 1913 and rewarded by the 
Nobel Prize for 1922. 

A second phase of Bohr’s life began 
with his appointment to a professorship in 
the University of Copenhagen in 1916 and 
blossomed when his Institute of Theor- 
etical Physics was set up in 1921. This 
quickly became a Mecca for physicists 
from around the world. Bohr was readily 
accessible to all who went there, and years 
spent in Copenhagen left an indelible 
mark on those who had the good fortune 
to visit the Institute. Bohr continued to 
work on his atomic theory; element 78 was 
discovered there through its guidance and 
named hafnium, after the Latin for 
Copenhagen. The well-known “BKS” 
paper (with Kramers and Slater) was writ- 
ten there in 1923, but despite Compton’s 
direct evidence for “light quanta” Bohr 


was unwilling to relate his atomic transi- | 
tions to the concept — this paper did not 
accept them as particles and implied that 
energy and momentum conservation were 
only statistical, as is recalled here in 
Slater's article. However, Heisenberg 
soon arrived at the ideas and relationships 
which quickly became "matrix-mechan- 
ics”; concepts and theoretical ideas de- 
veloped rapidly at this point, stimulated 
by Dirac's interpretation of Heisenberg's 
non-commuting matrices as dynamical 
operators and Schrédinger’s wave-func- 
tion, with its probabilistic interpretation. 
Heisenberg's uncertainty relationship 
demonstrated that position and moment- 
um could not both be known precisely. 
and this led Bohr to his notion of com- 
plementarity, a logical relationship requir- 
ed to express mutual exclusion between 
two physical quantities observable by dif- 
ferent kinds of measurement on the same 
physical system. 

Although holding much truth. comple- 
mentarity has always been rather ill- 
defined. The eventual upshot was the 
"Copenbagen interpretation" of quantum 
mechanics, which holds the measuring 
apparatus to be an essential part of the 
system in the process of observation. and 
which Bohr used in a disarming way. For 
example, the dramatic discussions be- 
tween Bohr and Einstein at the Solvay 
Conferences of 1927 and 1930 are here 
recalled by long extracts from Bohr's own 
account of these breakfast-time dialogues. 
Each morning, Einstein would propose 
a new paradox to confound quantum 
theory, which Bohr was able to meet at the 
end of the day by showing that the quant- 
um uncertainties inherent in the measur- 
ing devices were just sufficient to annul 
Einstein's contradiction. These sequences 
of challenge and riposte represent one of 
the most remarkable episodes in the his- 
tory of scientific thought: although Einstein 
was not ever convinced, Bohr's success 

















The Solvay Conference of 1927, held in Brussels between the 23rd and 29th of October. As well as Bohr, am 
Н.А. Kramers, Р.А.М. Dirac, W. Heisenberg, E. Schrédinger, A. Einstein and W. Pauli. 


7) 
! 
V 
І 









ong those present in the photograph are 








222 


MICROBIOLOGY 





PLENUM: 
MACROCOSMIC 


THE MOLECULAR 
BIOLOGY OF 
PHYSARUM 
POLYCEPHALUM 

edited by William F. Dove, 
Jennifer Dee, Sadashi Hatano, 
Finn B. Haugli, and Karl-Ernst 
Wohlfarth-Bottermann 

Presents a variety of current molecular 
genetic studies of Physarum poly- 
cephalum. 
0-306-42267-0/proceedings 

354 pp. + index//ill./1986 

$59.50 ($71.40 outside US & Canada) 


ADVANCES IN 
MICROBIAL ECOLOGY 
Volume 9 

edited by K. C. Marshall 

A major source of information for 
microbial ecologists. Volume 9 covers a 
variety of new techniques and new 
research. 

0-306-42184-4/393 pp. + index/ill. 
1986/$65.00 ($78.00 outside US & 
Canada) 


THE TOGAVIRIDAE AND 
FLAVIVIRIDAE 
edited by Sondra Schlesinger 


and Milton J. Schlesinger 


Examines the structure and replication 
of these viruses. 


0-306-42176-3/442 pp. + index/ill. 
1986/$59.50 ($71.40 outside US & 
Canada) 


VIRUSES, IMMUNITY, 
AND 
IMMUNODEFICIENCY 
edited by Andor Szentivanyi and 
Herman Friedman 


Of special interest in view of the AIDS 
crisis, contributions to this book focus 
on cellular and hormonal immune 
mechanisms in viral resistance, specific 
viral infections and immunity, tumor 
virus infections and immune responses, 
mechanisms of virus-associated im- 
munoregulation, and immune restora- 
tion in virus infections. 
0-306-42235-2/proceedings 

358 pp. + index/ill./1986 

$55.00 ($66.00 outside US & Canada) 


Die LANGUAGE OF SCIENCE 


PUBLISHING CORPORATION 


Plenum Publishing Corporation 
233 Spring Street 
New York, N.Y. 10013 


In the United Kingdom: 
88/90 Middlesex Street 
London E1 7EZ, England 





Reader Service No.12 











BOOK REVIEWS 


with the Copenhagen interpretation 
brought it widespread acceptance. 

In 1935, “a bolt from the blue” arrived 
in the form of the Einstein-Podolsky- 
Rosen (EPR) paradox, which apparently 
showed a violation of causality by quant- 
um mechanics and was, in the authors' 
view, in conflict with everyday experience 
(“EPR reality"). This paradox and its 
later “delayed-choice” elaborations are 
discussed in the centenary volume by 
V.D. Mermin and P.J. Kennedy, respect- 
ively. Today we know empirically that 
quantum coherence exists on a macro- 
scopic scale, not only at the atomic level. 
Laboratory experiments verifying the 
quantum mechanical result questioned by 
EPR are now carried out over metres, so 
that these phenomena must now be re- 
garded as part of our everyday reality. In 
other words, the *EPR paradox" was 
simply due to the incompleteness of *EPR 
reality", which did not embrace the fact of 
quantum coherence in our everyday 
world. Of course, most of us still find such 
coherence an almost incredible fact, but 
this is only a reflection of our personal 
limitations. We need another Bohr to re- 
shape our way of looking at things, but 
probably the next generation of physicists 
will see no difficulty in all of this. 

With the discovery of the neutron in 
1932, and the early exploration of nuclear 
reaction processes, Bohr was drawn into 
the problems of nuclear physics, the third 
phase of his life, covered here mainly by 
R.H. Steuwer. Bohr's contributions — 
simple, convincing and deep — were typi- 
cal of the man. He related the sharpness 
observed for nuclear levels excited by slow 
neutrons to the many degrees of freedom 
of the nucleons within a nucleus, illustrat- 
ing this by a wooden model with balls 
(nucleons) lying in a depression (the nu- 
clear well). This led him naturally to the 
idea of "the compound nucleus" as an 
essential intermediate state in all nuclear 
processes. However, Bohr over-estimated 
its range of validity and used it to discour- 
age speculations about nuclear shell- 
models, thereby delaying their develop- 
ment by two decades. At high energies, 
nuclear matter proved to be far less 
opaque to nucleons than he guessed; even 
at intermediate energy, many important 
nuclear processes do not proceed through 
a compound nucleus. Bohr understood at 
once the implications of the Hahn- 
Meitner discovery of nuclear fission in 
1938, also realizing that the slow-neutron 
fission they observed was due to capture 
by the isotope 24). With J.A. Wheeler, he 
then began a major calculation of the 
mechanism of nuclear fission, based on 
the liquid drop model of the nucleus, and 
by December 1939 was already speaking 
publicly of the possible liberation of nu- 
clear energy on a practical scale. 

Bohr allowed the possibility that every 
next step might require some quite revolu- 
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tionary idea. His reply to a far-out idea 
proposed tentatively by Pauli was charac- 
teristic: “Yes, but unfortunately it is not 
crazy enough". Twice he proposed energy 
nonconservation as necessary to explain 
some new phenomenon, quickly with- 
drawing the idea as soon as some less 
revolutionary explanation was seen to be 
adequate (for example, when Pauli's 
neutrino hypothesis predicted the beta- 
decay spectrum observed). 

In a 1932 lecture, “Light and Life", re- 
printed in the book, Bohr expressed some 
unusual ideas about biology which he did 
not qualify until 1962. Life was an addit- 
ional mystery, he implied; measurement 
might kill a living system and this new 
factor might require an extension of com- 
plementarity in biology, and some modifi- 
cation of the physical laws acting there. 
Bohr's views motivated more than one 
physicist (M. Delbrück and G.S. Stent, 
certainly) to move on to biological prob- 
lems*; ex-physicists did indeed cause a 
revolution in molecular biology, although 
not for the reasons foreseen by Bohr. 
Stent (Science 160, 390; 1968) has re- 
examined Bohr's early views (apparently 
unaware of Bohr's 1962 qualifications of 
them) in the light of the later history of 
biology, concluding that no hint of 
phenomena inexplicable within the estab- 
lished physical laws has ever emerged. 

Late in 1943, Bohr joined the atomic 
bomb project at Los Alamos because he 
felt that mankind faced a crucial chal- 
lenge, where failure would lead to an 
appalling step backwards. Since the pro- 
ject was then far advanced, he concerned 
himself primarily with its long-term politi- 
cal implications. He sought to discuss these 
with the political leaders in Britain and the 
United States, but without much effect. 
Churchill regarded him as positively dan- 
gerous, for Churchill's concern was still to 
win the War, not to contemplate future 
problems, as M. Gowing and R.V. Jones 
recount. In this last, political, phase of his 
life, Bohr tried again in 1950, with his 
“Open Letter to the United Nations" 
which is reprinted in the book. The tim- 
ing, however, was unfortunate; the 
Korean War broke out a few days later 
and the world paid little attention to it. 

This volume brings together accounts of 
many different aspects of Bohr and his 
work in a coherent way, presenting them 
attractively, with many interesting photo- 
graphs. It is much enlivened by the ex- 
tracts of material from various sources 
which appear in the large margins of its 
pages. Altogether, a wide audience will 
find it to be a very stimulating book. О 








К.Н. Dalitz is Royal Society Research Professor 
in the Department of Theoretical Physics, 
University of Oxford, 1 Keble Road, Oxford 
OX1 ЗАР, UK. 





* A biography of Delbriick, by Peter Fisher, 
will be reviewed in Nature on 17 April. 
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Inside the workings 
of the brain 
Oliver Braddick 





Functions of the Brain. Edited by Clive 
Warwick Coen. Clarendon:1985. Pp.209. 
£15. 





"THE brain is quite simply the most com- 
plicated object known." In a well-turned 
introduction, Clive Warwick Coen points 
out that research on this complicated ob- 
jectis in an exuberant but disorderly state. 
People from heterogeneous scientific 
backgrounds are simultaneously at work, 
using a variety of techniques to address 
multiple levels of explanation that have a 
habit of spilling over into each other. The 
brain itself has a diversity of functions, 
ranging from thermoregulation to plan- 
ning sentences, which does not map at all 
tidily onto the divisions between scientific 
disciplines or their different methods of 
study. It follows that in planning a lecture 
series to provide an overview of current 
brain research, and assembling it into a 
book, it would be difficult and probably 
misleading to seek an ordered unfolding 
of some intellectual ground-plan. Better 
to arrange a kind of scientific pot-luck sup- 
per, to which a set of enthusiastic cooks 
each brings his own dish, be it spicy or 
subtle, a filling casserole or a fluffy confec- 
tion. Functions of the Brain provides quite 
a satisfying buffet of this kind; the essays 
in it have some division by the brain func- 
tions they consider, but also illustrate 
their authors’ very different scientific 
methods, objectives and styles. 

H.B. Barlow's elegant discourse on 
perception illustrates how this area of 
neuroscience has come closest to posses- 
sing mature theoretical and experimental 
subsections of the sort that a physicist 
would recognize. Barlow argues that the 
visual system transmits signals about pat- 
terns of light in ways which optimize the 
efficiency of these neural representations; 
this helps us to understand the known 
forms of neural codes and their develop- 
ment in terms of the statistical properties 
of the visual environment, and it suggests 
principles of cortical organization which 
have yet to be experimentally tested. 

Patrick Wall, who writes about pain, 
similarly uses his essay to develop a par- 
ticular line of argument. He challenges 
what he characterizes as the dualist view, 
that deterministic sensory pathways sup- 
ply information to a distinct, conscious 
central entity. His challenge comes from 
evidence that the subjective quality of 
painful sensation has a relation to events 
in sensory nerves that is very far from 
one-to-one, and that this is a consequence 
of the intimate two-way interaction of 
peripheral and central events in the ner- 





vous system. Wall's path through this 
argument, and his view of its historical 
context, is more discursive and less 
focused than Barlow's, but his support of 
his philosophical approach by discussions 
of hypnosis, questionnaires in casualty 
clinics. and President Reagan's gunshot 
wound is likely to intrigue a body of non- 
technical readers. 

J.F. Stein's chapter on control of move- 
ment has a less personal tone than either 
of these two, but does give a clear account 
of the relations between structure and 
function in the multiple levels of motor 
control. Moreover, it provides a nice 
mirror image of Wall's message by empha- 
sizing that, just as sensory processing is 
not a one-way flow of information from 
periphery to centre, motor actions cannot 
be understood as the hierarchical execu- 
tion, via lower level reflexes, of centrally 
enunciated neural commands. 

Barlow, Wall and Stein represent dif- 
ferent facets of a tradition which, while 
based in detailed analysis at the neuronal 
level, likes to muse on the large-scale 
organizing principles of brain function. 
The molecular neurobiology of Craig 
Bailey and Eric Kandel has a much stron- 
ger smell of the laboratory bench, where 
there is little time to look back at intellec- 
tual history given the wealth of informa- 
tion that comes tumbling from new elec- 
trophysiological and ultrastructural tech- 
niques, and where an invertebrate lies 
waiting whose neuronal interconnections 
can be mapped completely by scientists 
with sufficient energy and insight. Bailey 
and Kandel’s work on Aplysia brings 
together the global phenomena of habi- 
tuation and conditioning with events 
occurring within identifiable synapses. 
We do not yet know whether the impress- 
ive ability to unite understanding of these 
levels in a simple organism will help in 
leaping the much more daunting chasms 
between subcellular and behavioural phe- 
nomena in higher vertebrates; students of 
mice and men must watch this space in 
anticipation. 

George Fink, on neuroendocrine func- 
tion, also has a molecular perspective, and 
like Bailey and Kandel he presents a good 
deal of experimental detail. Unfortunate- 
ly he does not have as tightly concentrated 
a scientific story to tell, and so the non- 
specialist reader is likely to be dazed 
rather than carried forward by his table of 
24 neuropeptides or his illustrations of the 
homologies in their amino-acid sequ- 
ences. However, one compelling impress- 
ion that remains, in particular from the 
figures in this chapter, is of the stunning 
armoury of techniques which the histo- 
chemically sophisticated researcher can 
now draw upon to look inside the nervous 
System. 

Norman Geschwind's chapter repre- 
sents yet another tradition, the oldest in 
the study of the brain, and one which he 
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eloquently defends. His recent death dep- 
rived us of one in the line of literate and 
audacious neurologists who extend their 
close and purposeful clinical observations 
into imaginative views of brain function. 
On occasion the breadth of Geschwind's 
narrative, offering keys to dyslexia, emo- 
tional expression and creative impulses, 
may sweep the reader over issues where 
those raised in more experimental tradi- 
tions might want to pause and quibble. 
However, the approach of clinical neurol- 
ogy, which has recently been married with 
great effect to the systematic testing 
methods of cognitive neuropsychology. 
offers at present almost the only route for 
linking neural mechanisms with the spe- 
cially human abilities of language, reason- 
ing and spatial representation. 

The chapters on specific topics are top- 
ped and tailed by essays from J.Z. Young 
and Colin Blakemore, respectively, both 
of whom adopt a more contemplative and 
philosophical stance. The issues they 
address — Young on the place of brain 
function in our broader view of life, 
Blakemore on what kind of explanation 
brain scientists should look for — are 
significant, yet neither really carries the 
sense of scientific mastery and clarity that 
marks the best of the other chapters (or, 
indeed, that can mark these authors when 
expounding their own work). 

Not every active branch of brain re- 
search is well portrayed in the book. I 
would have welcomed more on the rich 
advances stemming from the combination 
of sophisticated behavioural techniques 
and electrophysiological recording in alert 
(and even mobile) animals, and from the 
renaissance in the anatomical study of 
cerebral pathways. Developmental 
neuroscience is also poorly represented. 
There is, too, understandable variation in 
the accessibility of the contributions: 
some (Wall’s and Geschwind's, and 
perhaps Barlow’s) can be read by the lay- 
man; others (for example Stein’s, and 
Bailey and Kandel’s) are heavier on tech- 
nical detail and will be of more benefit to 
those in adjacent disciplines. Nonetheless 
Functions of the Brain is a creditable and 
often stimulating sampler of what we 
know — and don’t know — about the 


(^ 


brain. г 





Oliver Braddick is a Lecturer in the Department 
of Experimental Psychology, University of 

ambridge, Downing Street, Cambridge CB2 
3EB, UK. 





New in paperback 


€ Princes and Peasants: Smallpox in History, 
by Donald R. Hopkins. Publisher is University 
of Chicago Press, price is $12.95, £10.95. For 
review see Nature 310, 608 (1984). 

e Wandering Lands and Animals: The Story of 
Continental Drift and Animal Populations, by 
Edwin H. Colbert, which first appeared in 
1973. Publisher is Dover, New York/Con- 
stable, London, price is $7.95, £7.55. 
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Ada and the engines 
Richard Gregory 
Ada: A Life and a Legacy. By Dorothy 


Stein. MIT Press:1985. Pp.321. $19.95, 
£17.50. 





Apa, daughter of Byron, was born in 
1815. Her mother, Annabella Milbanke, 
left Byron, who himself left England the 
following year — never to see his offspring 
again. In 1835 Ada married Lord King, 
who became the Earl and she the Count- 
ess of Lovelace in 1838. 

Five years earlier, in 1833 (not long, 
incidentally, before she attempted to 
elope with her still unidentified tutor), 
Ada had first met Charles Babbage. They 
formed a lasting friendship in which she 
worked with and for him in the develop- 
ment of the first computers: the Differ- 
ence Engine for computing tables and the 
general-purpose programmable Analytic- 
al Engine, which was never completed. It 
is for her association with Babbage that 
Ada is principally remembered, to the ex- 
tent that she is said to have been the 
world's first computer programmer. 

In her rich study of human drama and 
social history at the birth of the modern 
world, Dorothy Stein gives due accord to 
Ada's organizing abilities and her work in 
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translating and adding to Menabrea’s 
monograph on the calculating engines. 
She does not, however, regard her as a 
major originator. The key historical ques- 
tions revolve around the use of Jacquard 
punched cards to program the Analytical 
Engine. Dorothy Stein writes (p.93): 


For the modern reader the important distinc- 
tion . . . is that the Difference Engine followed 
an unvarying computational path (except for 
the parlour games Babbage played for the ben- 
efit of visitors such as Lady Byron), while the 
Analytical Engine was to be truly programm- 
able and capable of changing its path according 
to the results of intermediate calculations or 
processes. Yet this was a feature mentioned by 
Ada only in passing . . . . For Ada — as for 
Babbage — the calculating machine was a 
metaphor as well as a harbinger of economic 
and scientific progress. For example, the theme 
stressed in presenting the ‘illustrations’ or prog- 
rams was that they demonstrate how certain 
lengthy, laborious, and complex calculations 
can be most efficiently executed... by the 
machine into recurrent cyclical groups. The 
same set of operations can then be repeated 
over and over by the engine, with only the 
starting and stopping points indicated by the 
instructions. 


Ada, it seems, saw the programs, and 
her own hard-won knowledge and skills, 
in contemporary economic terms as сарй- 
al to save labour and increase enterprise. 
But this interpretation hardly reduces her 
achievement: she clearly made a notable 
contribution to the working out of Bab- 
bage’s ideas and to what at that time was 
(and perhaps still is) the metaphysics of 
computing, asking such questions as: 
“How can a machine handle imaginary 
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The young Ada — "gifted with 











intense imagination". | 


numbers?". It appears, though, that Bab- 
bage (born in 1792) was generally a couple 
of decades ahead of her in questions and 
answers, and infinitely ahead of everyone 
else. He himself remains a shadowy but 
dominating figure in Dorothy Stein's 
account. 

Ada comes remarkably alive in this 
book, passionate but at times neurotic, 
with almost too much self-awareness, and 
falling into disasters ranging from iliness 
and accident to losses on the horses — all 
this is wonderfully preserved in her corres- 
pondence and is most ably presented here. 
She was gifted with intense imagination. 





‘But she had but intermittent persever- 


ance, even for bringing into being the cal- 
culating engines she had the wit to see 
were to be of such immense significance. O 


Richard Gregory is a Professor in the Brain and 
Perception Laboratory of the Department of 
Anatomy, Medical School, University of Bris- 
tol, University Walk, Bristol BS8 1TD, UK. 





Glycans explored 
Tim Hardingham 


Glycoprotein and Proteoglycan Techni- 
ques. By J.G. Beeley. Elsevier: 1985. Pp. 
462. Hbk Рӯ. 295, $109.25; pbk Dfl. 85, 
$31.50. 





CARBOHYDRATE Structures can be one of 
the great turn-offs of student days. Be that 
as it may, the rise in interest in all aspects 
of the biological functions of glycopro- 
teins and proteoglycans means that there 
is an ever-widening audience of people 
keen to get to grips with them. This book 
does much to help, for not only does it 
provide a compendium of useful labora- 
tory techniques but also succeeds in con- 
veying some of the essential flavour of 
research in this area; it gives a good, broad 
perspective on the variable and yet 
ordered structures shown by glycopro- 
teins and proteoglycans, and a thorough 
chemical overview of what can and cannot 
be done to the intact glycoproteins and 
their isolated glycopeptides. 

The early sections deal with largely tra- 








ditional chemical methods of structural 
analysis. It is, however, the later parts, 
which review the use of specific enzymes 
and include sections on the battery of 
approaches possible with lectins and 
radioactive labelling techniques, that will 
be particularly useful. The range covered 
includes good examples of the variety of 
approaches that are possible for isolation, 
purification and structural analysis. Here, 
too, the author also addresses some of the 
problems frequently encountered when 
the supply of starting material is limited, 
as in characterizing products from cell 
culture. 

The content is not beyond criticism — 
some of the newer approaches are not 
mentioned — but the emphasis on techni- 
ques accessible to any reasonably equip- 
ped laboratory means that the book will 
be ideal for those just starting up. 
Moreover it should enable both experi- 
enced and inexperienced readers to 
assimilate with much greater insight the 
wealth of current publications in this field. 





Tim Hardingham is Deputy Head of the Divi- 
sion of Biochemistry, Kennedy Institute of 
Rheumatology, Hammersmith, London W6 
7DW, UK. 
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The ethics of human gene therapy 


from LeRoy Walters 





The correction of single-gene defects in humans by gene therapy is in sight, increasing the need for a 
solid framework for ethical evaluation. 





WITHIN the next twelve months, it is likely 
that a proposal to perform gene therapy 
in humans will be submitted to local and 
national review bodies in the United 
States. The proposing research group will 
be based in one of the eight to ten 
laboratories in the world now pursuing 
molecular genetic approaches to the cor- 
rection of selected inborn errors of metab- 
olism. The hereditary disorders for which 
gene therapy will initially be attempted 
are quite rare—adenosine deaminase 
(ADA) deficiency, which produces severe 
combined immune deficiency, and Lesch- 
Nyhan syndrome, which leads to mental 
retardation апа self-mutilation in 
children. 

While gene therapy may sound rev- 
olutionary as an approach to human 
genetic disease, the techniques likely to be 
used in the near future closely resemble 
those of conventional medical practice. 
Thus, gene therapy for ADA deficiency 
can accurately be described as ‘autologous 
bone marrow transplantation with an extra 
step’. That extra step will involve not the 
repair of a malfunctioning gene, but, 
rather, the addition of a properly function- 
ing gene to as many target cells as possible, 
thereby compensating for the malfunction 
caused by the defective gene in those cells. 


First steps 


The early attempts at gene therapy will 
involve only somatic cells, especially the 
stem cells found in the bone marrow. 
Molecular genetic modification of germ 
cells in laboratory animals is still 
inefficient, and no research groups are cur- 
rently contemplating the deliberate 
introduction of genetic alterations into the 
human germ line. Thus, fears about the 
transmission to future generations of 
intentionally induced genetic changes are 
misplaced, just as they would be after a 
kidney transplant. For the time being, 
moreover, only the simplest kinds of 
genetic defects are considered to be good 
candidates for gene therapy. These are 
single-gene defects which are recessively 
inherited and which result in the lack of 
an essential enzyme. The production of 
such enzymes is almost a mechanical func- 
tion, necessary to be sure, but shared by 
humans with many other members of the 





animal kingdom. Thus, any allegation that 
current gene therapy efforts represent 
‘tampering’ with ‘distinctively human 
characteristics’ is simply fallacious. 


Risk assessment 


Ethical questions about gene therapy as 
now planned are of two kinds, substantive 
and procedural. The substantive questions 
can be further subdivided, with some over- 
simplification, into technical and non- 
technical questions. The chief technical 
questions surrounding gene therapy 
involve the comparison of potential 
benefits and harms, or, in contemporary 
language, risk assessment. The assessment 
process begins with an evaluation of the 
genetic disease to be treated. At this stage 
the central question is: What kinds of mor- 
bidity and what mortality rates are associ- 
ated with the disease? If the disease is 
severe for the individuals affected by it, 
one can proceed to consider existing 
therapies and their effectiveness. If dietary 
or current medical therapies provide 
reasonable control for disease victims, the 
disease may not be a good early candidate 
for gene therapy. On the other hand, if no 
effective therapy exists or if the therapy 
cannot be used with some categories of 
patients, molecular genetic approaches to 
treatment may be a reasonable alternative 
to merely palliative measures. 

Like the development of all innovative 
medical therapies, the pursuit of gene 
therapy as an alternative therapeutic mode 
involves preclinical studies in animal 
models and tissue cultures. At this stage 
the risk assessment process must seek to 
determine and evaluate the probable 
safety and effectiveness of the new tech- 
nique. Here, researchers attempting to 
develop gene therapy techniques face a 
special, but by no means unique, problem: 
there are few laboratory animal models 
for the single-gene defects that afflict 
humans, and, in particular, there are no 
known non-human models for the 
enzyme-deficiency diseases which are 
likely to be judged appropriate early 
candidates for human gene therapy. 
Researchers may be able to insert a new 
gene into appropriate animal cells and 
monitor the expression of the gene, but 
they are unlikely to be able to demonstrate 








a clinical 'cure' in a diseased laboratory 
animal. 

From a safety standpoint, one advan- 
tage of a gene therapy approach that uses 
bone marrow cells is that the cells are 
treated outside the body, in vitro. If a 
particular experiment goes awry, the cells 
are simply not returned to the laboratory 
animal or, in the clinical context, to the 
patient. But other safety questions are mat- 
ters of continuing concern. The new genes 
will probably be carried into the stem cells 
by carefully designed retroviruses from 
which much of the native genetic informa- 
tion has been deleted. These defective 
retroviruses will function as vectors for the 
new gene. It is possible, but not likely, 
that the retroviral vectors will recombine 
with undetected viruses or endogenous 
DNA sequences in the cells and so become 
infectious. It is also possible that the vec- 
tor/gene combinations, because they 
integrate randomly into the chromosomes 
of the cells, will activate previously dor- 
mant proto-oncogenes or disrupt essential, 
properly functioning genes. On the ques- 
tion of efficiency, it is still not clear 
whether sufficiently high levels of 
expression can be achieved in primates to 
offer a reasonable hope of clinical benefit. 


Other ethical issues 


Non-technical questions about human 
gene therapy, while apparently less amen- 
able to verification by laboratory data, are 
nonetheless important. These questions 
derive in part from the recent history of 
clinical innovation, from renal dialysis in 
the early 1960s, the first heart transplants 
in 1967 and recent experience with the 
artificial heart and xenografting. They are 
also based on codes of ethics in research 
published between the late 1940s and the 
present. 

In the early years of renal dialysis, one 
Major issue was the selection of a few 
patients from among many candidates for 
life-saving treatment. In Seattle, Washing- 
ton, a special committee was established 
to make these decisions. Commentators 
on the Seattle committee’s experience 
have noted how difficult it is to avoid 
making judgements about the comparative 
social worth of patients when not all 
patients can be offered treatment'. With 
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rare genetic diseases, although the poten- 
tial patient pool will be small, choices will 
need to be made from among multiple 
candidates for experimental gene therapy. 
Thus, fairness in the selection of subjects 
may be an important issue even in the 
earliest trials of human gene therapy. 
Informed consent will almost certainly 
also be an important issue. To be 
adequately informed about their 
decisions, prospective patients will need 
to have, or have imparted to them, basic 
information about bone marrow trans- 
plantation and gene therapy techniques. 
If, as seems likely, parents or guardians 
are asked to make decisions on behalf of 
infants or young children, the consent pro- 
cess will be even more complex. Properly 
informed, potential research subjects or 
their proxies will be made aware that they 
are embarking on essentially uncharted 
territory. This awareness should help to 
temper their hope—and that of the inves- 
tigators, also—that they are participating 
in a major therapeutic breakthrough. 
Questions of privacy and confidentiality 
may also arise. The pioneer recipients of 
heart transplants and the artificial heart 
are known to us by name; in contrast, the 
newborn recipient of a baboon heart, Baby 
Fae, remained at least partially anony- 
mous until her death in late 1984. With 
gene therapy, one hopes for a reasonable 
balance between familial privacy and the 
desire of the public and the media to know. 
Researchers will bear the primary 
responsibility for informing patients and 
their families of the public interest in gene 
therapy and for shielding patients from 
excessive media exposure. If, as seems 
likely, the earliest patients are infants or 
young children who are incapable of 
expressing their own views regarding pub- 
licity, they will deserve special protection. 


Guidelines 


In the Declaration of Helsinki and similar 
codes of ethics in research, biomedical 
researchers have proposed general stan- 
dards for human experimentation. The 
revised Declaration of Helsinki?, adopted 
by the World Medical Association in 1975, 
includes ethical guidelines on research 
design, risk-benefit analysis, informed 
consent, privacy and accuracy in reporting 
research results. In most developed 
nations, local committees, variously called 
‘ethics committees’ or ‘institutional review 
boards’, rely on these international stan- 
dards and derivative national rules in 
reviewing individual research protocols. 
However, when major therapeutic innova- 
tions are initially proposed, this carefully 
evolved approach to the review of pro- 
posed human experimentation may need 
to be supplemented by more specific 
ethical standards and, possibly, by cus- 
tom-tailored review mechanisms. In vitro 
fertilization is an example of a new bio- 
medical technology that has been the 
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object of special scrutiny in several coun- 
tries, including the United Kingdom, 
Australia and Canada. 

During the past two-and-a-half years, a 
framework for the ethical evaluation of 
human gene therapy has been developed 
in the United States. This framework 
includes a publicly discussed set of ques- 
tions, called Points to Consider in the 
Design and Submission of Human Somatic- 
Cell Gene Therapy Protocols’, and a public 
national review process. The Points to 
Consider reflect a national and perhaps 
international consensus on the most 
important areas of concern surrounding 
human gene therapy. Major areas iden- 
tified in the central section of the docu- 
ment are the following: 

(1) Objectives and rationale of the pro- 
posed research. 

(2) Research design, anticipated risks 
and benefits: (i) structure and characteris- 
tics of the biological system; (ii) pre- 
clinical studies; (iii) clinical procedures, 
including patient monitoring; (iv) public 
health considerations; (v) qualifications 
of investigators and adequacy of facilities. 

(3) Selection of patients. 

(4) Informed consent. 

(5) Privacy and confidentiality. 

A series of questions is posed about each 
area of concern, and great latitude is left 
to investigators in formulating responses 
to the questions. For example, on the sub- 
ject of preclinical studies with laboratory 
animals, investigators are asked: “Has a 
protocol similar to the one proposed for 
a clinical trial been carried out in non- 
human primates and/or other animals? 
What were the results?". 

The Points to Consider document was 
drafted by the Working Group on Human 
Gene Therapy, an interdisciplinary sub- 
committee of the NIH Recombinant DNA 
Advisory Committee (RAC). The Working 
Group includes three laboratory scientists, 
three clinicians, three ethicists, three attor- 
neys, two public-policy specialists, and a 
lay member. The document represents an 
attempt to distill 15 years of ethical dis- 
cussion in published articles апа 
books^-, at public symposia!*!8, and in 
government hearings and reports in the 
United States and Europe/?-?. Points to 
Consider was published twice for public 
comment in the United States Federal Reg- 
ister and was revised to take into account 
the suggestions made by respondents. 

As a complement to the confidential 
review of new biological compounds con- 
ducted by the federal Food and Drug 
Administration, a special public review 
mechanism has also been established to 
evaluate proposals to perform gene 
therapy in humans, at least during the 
early years. This review mechanism was 
created by the NIH RAC and is modelled 
after the review process employed by RAC 
during the early years of recombinant 
DNA research. After review by local ethics 








committees, RAC and its subcommittee, 
the Working Group on Human Gene 
Therapy, will provide public national 
review of each gene therapy proposal that 
is to besupported by NIH funds. All inter- 
ested persons will therefore have ready 
access to information about gene therapy 
proposals, to the review process itself and 
to its outcome. 

When gene therapy has not yet cured a 


human patient of disease, it may seem 


premature to discuss questions that may 
emerge if human gene therapy is success- 
ful. Yet, one role of ethics is to provide 
timely consideration of future questions 
for public policy. Several issues may arise. 


Genetic diagnosis 


At present, attempts to describe ‘the mor- 
bid anatomy of the human genome’ are 
outpacing gene therapy by a considerable 
margin”. Within the past year, new 
markers for several major genetic diseases 
have been described, among them cystic 
fibrosis?^?5, polycystic kidney disease?" 
and Duchenne muscular dystrophy". At 
the prenatal stage, early diagnosis of 
genetic defects presents couples with a 
decision about selective abortion, but 
applied to children or adults, the new tests 
will provide early notice of a tendency to 
develop a particular disease (such as 
atherosclerosis?) or of the presence of a 
gene that will cause a late-onset disorder 
(such as Huntington's disease??). 

The 'early notice' aspect of the new 
genetic tests will raise difficult ethical 
questions in its own right. For example, 
which children or adults should be tested, 
and what should they be told about the 
results of the tests? Moreover, one can 
anticipate that insurance companies, 
employers and perhaps even prospective 
marriage partners, will have a keen interest 
in securing detailed genetic profiles of par- 
ticular individuals. The primary implica- 
tion of these screening techniques for gene 
therapy is that they may identify addi- 
tional groups of candidates for curative or 
pre-emptive intervention. 


Commercial considerations 


Commercially oriented biotechnology 
companies have been leading participants 
in the quest for DNA-based diagnostic 
techniques but seem, at present, rela- 
tively uninterested in DNA-mediated ap- 
proaches to the cure of disease. This lack 
of interest may reflect the fact that, in the 
near future at least, human gene therapy 
will be a labour-intensive procedure, akin 
to bone marrow transplantation. Each uni- 
versity-based research team involved with 
gene therapy also seems to be tailoring its 
own vector/gene combinations to suit its 
specific purposes. It is possible that there 
may emerge commerical interest in pro- 
ducing vectors or vector/ gene kits for par- 
ticular diseases, but, given the rarity of the 
diseases thought to be the likeliest candi- 
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dates for early attempts at gene therapy, 
commercial incentives are currently quite 
weak. 


Gene replacement 


Present approaches to gene therapy can 
quite literally be described as gene addi- 
tion. Properly functioning genes, intro- 
duced into the appropriate cells, will, it is 
hoped, compensate for malfunctioning or 
nonfunctioning genes. This approach 
holds great promise for the somatic-cell 
treatment of recessive genetic disorders, 
but for the treatment of dominant dis- 
orders such as Huntington's disease, it 
may be necessary to inactivate the disease- 
causing gene or even to remove and 
replace it with a gene that functions 
properly. Techniques for this kind of pre- 
cisely targeted molecular microsurgery 
have not yet been developed for mammals 
and will probably not emerge for decades. 


Germline therapy 


No aspect of gene therapy is more highly 
charged than that of germline or germ-cell 
therapy; it might seem, therefore, politi- 
cally prudent to avoid the subject. But 
what is politically prudent may not be 
ethically responsible. In fact, timely 
ethical discussion of this issue, before 
germline gene therapy in humans is techni- 
cally feasible, may assist future policy- 
makers in their deliberations. 

The principal rationale for germline 
human gene therapy, when it becomes a 
technical possibility, will be a simple argu- 
ment from efficiency. If somatic-cell 
therapy becomes a successful cure for 
single-gene defects of high prevalence, 
such as cystic fibrosis and sickle-cell 
anaemia, phenotypically normal patients 
will grow to adulthood and presumably 
be capable of reproducing. They will then 
constitute a new group of homozygous 
‘carriers’ of genetic disease, who can 
transmit malfunctioning genes to their 
offspring. Affected offspring could pre- 
sumably be treated by means of somatic- 
cell gene therapy in each succeeding gen- 
eration, but some phenotypically cured 
patients would probably consider it more 
efficient to prevent the transmission of 
specific malfunctioning genes to their 
offspring, if the option were available. 

A second rationale for the germline 
approach is that some genetic diseases 
may be treatable only by this method. For 
example, because of the blood-brain bar- 
rier, the brain cells involved in hereditary 
central nervous system disorders may be 
inaccessible to somatic-cell gene therapy. 
Early intervention that affects all the cells 
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of the future organism, including the germ 
celis, may be the only means available for 
treating cells or tissues which are not 
amenable to genetic repair after birth. 
Genetic changes have been introduced 
into the germ lines of several species of 
laboratory and domestic animals?'?*, but 
the method for producing such transgenic 
animals is unlikely to be used with 
humans. Because the foreign DNA is 
inserted into the pronuclei of mammalian 
embryos before the pronuclei fuse and the 
new genome is established, one would not 
know in most cases whether a particular 
embryo were destined to have a genetic 
disease. A more likely approach in humans 
is the genetic repair of sperm or egg cells, 
either in vivo or, more probably, in vitro. 
Methods for reliably introducing properly 
functioning genes into germ cells and for 
verifying their successful introduction 
would need to be developed. As simple 
gene addition would allow the trans- 
mission of known malfunctioning genes 
to future generations, the techniques of 
Bene inactivation or gene replacement 
would probably be used, if available. 


Economic issues 


Given that the first-year costs of cardiac 
transplantation approximate $90,000 per 
patient (1983 dollars) in the United 
States’, it may reasonably be asked 
whether gene therapy will be another 
expensive half-way technology. If 
employed with bone marrow transplanta- 
tion, human gene therapy will be labour- 
intensive and will entail sizeable initial 
costs. But even if one does not assign an 
economic value to improvement in the 
quality of cured patients’ lives, the one- 
time cost for gene therapy may be con- 
siderably less than the cost of repeated 
hospitalization for the treatment of sickle- 
cell anaemia or cystic fibrosis. In short, 
for patients suffering from many, if not 
most, genetic diseases caused by single- 
gene defects, gene therapy may become a 
cost-effective method of care. 

In the more distant future, the prospects 
for, and possible approaches to, human 
gene therapy are not yet clear. But if the 
link between gene therapy and bone mar- 
row transplantation can be broken, gene 
therapy may become available to a wider 
circle of patients. For example, if vectors 
specific for particular target cells can be 
developed, vector/gene combinations can 
perhaps be administered intravenously to 
outpatients. At that stage, if it is ever 
reached, medicine will stand at the thresh- 
old of a new era in treating the more than 
3,000 genetic disorders that afflict our 
species. 
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Transitional field behaviour from Southern 
Hemisphere lavas: evidence for 
two-stage reversals of the geodynamo 
Kenneth A. Hoffman 


Physics Department, California Polytechnic State University, San Luis Obispo, California 93407, USA 





Palaeomagnetic records from Australasian basalts provide a rare view of transitional field behaviour, as seen from 
mid-southern latitudes. These data suggest that a geomagnetic reversal is accomplished in two steps, separated by an 
interval of relative dynamo quiescence. A potentially long-lived field configuration, developed early, is observed to be the 
‘stepping stone’ from which both successful and unsuccessful reversal attempts are made. Several aborted attempts involving 
the same intermediate field geometry may precede an actual polarity transition. 





WHILE the number of palaeomagnetic records of polarity tran- 
sitions obtained from sites in the Northern Hemisphere has 
steadily increased" 5, the need for Southern Hemisphere records 
has become more apparent. Aithough one of the first detailed 
accounts of palaeofield behaviour during a complete reversal 
comes from South Africa?, few additional records from sites 
south of the Equator have since been reported?! , Nevertheless, 
itis clear that any meaningful determination of field morphology 
during transitions, a major constraint on any complete model 
of the reversing geodynamo, requires contemporaneous records 
of intermediate field behaviour from sites scattered about both 
һетіврһегев!2-14, 

To help rectify this situation, three mid-southern-latitude 
Cenozoic shield volcanos which were the focus of magnetostrati- 
graphic studies some fifteen years ago"! were revisited 
(Fig. 1a). Specifically, the sampled sites are: 
€ Liverpool Volcano (31.7°S, 150.2°E), New South Wales, 
Australia, where a continuous Oligocene sequence of approxi- 
mately 59 flows records a series of 4 geomagnetic events, L1 to 
LA. 
€ Akaroa Volcano (43.85, 173.0°E), Banks Peninsula, New 
Zealand, where a Miocene lava sequence records intermediate 
field behaviour through two sequential reversals, Al and A2. 
© Mt Kaputar (30.2*S, 150.2 ^E), New South Wales, Australia, 
where a late Miocene excursion (K1) is recorded. 

The data from these palaeomagnetic events have been correc- 
ted for any subsequent tectonic rotation of the sites and have 
been reduced to site palaeolatitudes consistent with the age of 
the lavas. Both corrections are deduced from the averaged 
full-polarity data for each site. The volcanic structures appear 
to be flat-lying, so that correction for tectonic tilt was 
unnecessary. 


Recorded field behaviour 


Liverpool Volcano, Australia. This volcano, potassium-argon 
dated at 33.7 50.7 Myr (ref. 15), is built of alkali olivine basalts. 
Previously reported palaeomagnetic data from several lava flows 
have been interpreted as showing a series of three polarity 
reversals?; however, we find that only one complete transition, 
involving a polarity change from reverse-to-normal (R-N), is 
recorded at Liverpool. We believe that this discrepancy is caused 
by a small number of palaeomagnetic directions recorded by 
an unusual magnetic carrier mineral". 

Approximately 300 cores were drilled over —360 m of con- 
tinuous vertical section exposed along Yarraman Creek and two 


of its tributaries. A dense and sometimes redundant sampling: 


procedure was used to ensure that the magnetic record had no 
gaps. Each site was examined carefully to verify that the flows 
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Fig. 1 a, Location of Cenozoic volcanos sampled for this study. 
b, Orthogonal plots of remanence behaviour during stepwise alter- 
nating field (AF) demagnetization to 20 mT (left) and stepwise 
thermal demagnetization to 320°C (right) conducted on typical 
specimens from flow YC21 from Liverpool Volcano. This flow was 
chosen because it possesses the most intermediate primary 
palaeofield direction of all flows reported in this study. Solid (open) 
symbols denote projections on the vertical (horizontal) plane. 


were definitely in situ. In all, 59 individual flows and flow groups 
were sampled in detail. 

Palaeomagnetic analysis involved both alternating field (AF) 
demagnetization and thermal cleaning, sometimes in combi- 
nation. At no time was single-step or ‘blanket’ demagnetization 
employed. For each specimen, the direction of primary ther- 
moremanent magnetization (TRM) was determined from the 
observed behaviour during stepwise demagnetization (see 
Fig. 15). 

In Fig. 2a, declination (D) and inclination (I) are plotted in 
chronological flow order; the flows in this sequence provide a 
record of field behaviour spanning a single R-N transition. 

Inspection of Fig.2a reveals that nearly the entire reversal 
appears to take place between two successive extrusions, but 
that a large number of flows in the sequence, before and after 
the primary transition, display intermediate palaeodirections. 
Lack of information regarding the absolute timing of lava 
extrusion means that we cannot tell what time-span is involved. 
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Fig. 2. AF- and thermally demagnetized mean flow directions 
from a continous sequence of basalts from Liverpool Volcano. 
Australia. a, Declination (D) and inclination (1) from transitional 
events L1 (К-К; the oldest), L2 (R-R), L3 (R-N) and L4 (№№). 
b, Polar stereographic plots in (D, I)-space (left) and in rotated 
(D', I')-space!* (right). Solid (open) 'symbols correspond to 
palaéodirections on the lower (upper) hemisphere. The four events 
are displayed chronologically. (D', I") plots present palaeodirec- 
tional movement as if one were looking down the normal polarity 
dipole field direction; the angular distance to any point from the 
Centre is a direct measure of the angular distance from the axial 
dipole field direction corresponding to this site in Oligocene times. 
The small circle represents a 30? departure and the small plus signs 
represent а 60° departure. ‘N’ (*F") indicates perfectly near-sided 
(far-sided) rotated directions. The double-headed arrow indicates 
the oldest datum of each sequence. Broken lines are used to indicate 
unknown directional paths of large angular extent. Those (D', г) 
directions corresponding to virtual geomagnetic poles (VGPs) lying 
on the coastlines of the continents are indicated. In this way one 
can observe the VGP path in this directional space. 


In Fig. 2b, the Liverpool data are displayed as vector paths 
іп (D, I)-space and rotated (D', I")-space!?. Before the actual 
change in polarity, three departures of the field vector from full 
polarity are seen (Fig. 25, events L1-L3). The first directional 
swing (L1) involves a maximum recorded angular displacement 
from the axial dipole field direction of ~35° in the north/south- 
up/down plane, to subvertical (downwards), and is an almost 
perfectly near-sided'^!? direction. The second swing (L2), also 
strongly near-sided, has a maximum recorded extent of about 
90° from full polarity. Note that this single-flow result is preceded 
by a direction similar to that associated with the first swing and, 
moreover, that this recurring, strongly near-sided palaeofield 
orientation rémained virtually stationary during the extrusion 
of several flows. 

Interestingly, the third directional swing (L3) again proceeds 
to a strongly near-sided intermediate direction, very similar to 
the other such directions noted. This time, three successive flows 
record this palaeofield orientation. Immediately following these 
intérmediate directions is the (possibly rapid) transition to nor- 
mal polarity. After a final directional swing (L4), marginally 
near-sided, to a position ~45-60° from the direction associated 
with the (now normal-polarity) axial dipole field, the palaeofield 
appears to ‘settle’ into-a long-term normal polarity state. 
Akaroa Volcano, New Zealand. The Miocene sequence of alka- 
line lavas at Akaroa Volcano, K-Ar dated at ~8.5 Myr, contains 
a number of polarity boundaries!5, In our resampling, approxi- 
mately 250 cores were drilled over ~160 m of section exposed 
along Lighthouse Road. Figure 3 shows the data from two 
sequential transitions (a N-R transition followed by a R-N 
transition). . 

Although the record from this shield volcano appears to be 
less detailed than that from the Liverpool sequence, both tran- 
sitions do contain intermediate palaeofield directions. 
Specifically, each reversal record contains a single, localized set 
of intermediate directions; in the case of the R-N reversal (Fig. 3, 
event A2), these directions remained nearly invariant during the 
extrusion of seven lavas. As at Liverpool Volcano, the R-N 
transition recorded at Akaroa Volcano includes intermediate 
directions which deviate by up to 45° in the north/south, 
up/down plane from the reverse-polarity axial dipole field direc- 
tion; however, in contrast to the Liverpool record, this intermedi- 
ate orientation is almost perfectly far-sided. That is, while the 
Liverpool field behaviour during events L1-L3 is dominated by 
a steepening in inclination, that recorded at Akaroa during event 
A2 exhibits a shallowing. The intermediate field directions recor- 
ded during the apparent onset of the preceding N-R transition 
(Fig. 3, event Ai) also deviate from the axial dipole field direc- 
tion by about 45°; however, for this event the orientation of the 
directional swing is far from the north/south-up/down plane. 

Between the recorded N-R and R-N transitions, the Akaroa 
lavas may have recorded as many as three R-R palaeofield 
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excursions. Unfortunately, two of these possible events are each 
observed in only one lava. The remaining event is recorded in 
five lavas; however, the magnetic remanence properties of the 
three oldest flows of this sequence are atypical and require 
further examination. The two youngest flows, which exhibit no 
unusual remanence properties, possess palaeofield directions 
which are very close to the intermediate directions seen in the 
subsequent R-N transition. Such an occurrence is reminiscent 
of the Liverpool data. 

Mount Kaputar, Australia. Previously reported palaeomagnetic 
results from the Mt Kaputar lava sequence, K-Ar dated at 
~17.5 Myr, suggested the presence of a single, normal-polarity 
geomagnetic excursion". Our sampling confirmed this event; 
Fig.4 shows the excursion to be almost perfectly far-sided, 
involving a directional change from full polarity to sub-vertical 
(upwards). Moreover, as at both Liverpool and Akaroa, this 
event consists of a single characteristic direction recorded in 
several successive lavas. It is not known whether event K1 is 
ultimately followed by a full polarity transition. 


Recurring intermediate directions 


Whether associated with a geomagnetic excursion or with a 
polarity transition, the intermediate behaviour of the palaeomag- 
netic field revealed in the above mid-southern-latitude records 
appears to be dominated by an angular displacement to a pos- 
ition between 30° and 60° from the initial axial dipole field 
direction. Figure 5 summarizes the intermediate directional data 
reported here, plotted in (D', Г)-врасе. The almost complete 
lack of intermediate directions deviating by more than 60? from 
the initial axial dipole direction is striking; indeed, only one of 
the 31 flows possesses such a direction. 

The similarity in directional behaviour recorded during these 
events raises the possibility that most of them, perhaps all, have 
their origin in the same type of dynamo process in the Earth's 
core. The data suggest that the geomagnetic reversal process is 
characterized at its onset by an essentially stationary intermedi- 
ate field geometry which, at least at mid-southern-latitude sites, 
is associated with vector directions less than .—60? from that of 
the immediately preceding axial dipole field, In particular, the 
palaeofield behaviour recorded in the Liverpool lavas appears 
to possess a ‘memory’, insofar as each of a series of three 
departures is apparently dominated by essentially the same 
intermediate field geometry (Fig.2b, events 11-13). This 
observation of a recurring transitional direction strongly sug- 
gests a temporal dominance of the reversing field by a stationary 
or quasi-stationary transitional configuration. This interpret- 
ation of the Liverpool data does not rely on any assumptions 
regarding the mean extrusion rate or degree of eruptive 
clustering. 

These data demonstrate a clear observational link between 
successful polarity transitions and the occurrence of at least 
some geomagnetic excursions (abortive field reversals). 
Moreover, the Liverpool results indicate that the initial core 
process associated with field reversals is the same regardless of 
whether a given attempt is successful or unsuccessful. 

Another instance of a recurring intermediate field geometry 
(this time probably not associated with an ultimately successful 
polarity transition) can be found in the literature. Reporting on 
a palaeomagnetic investigation of Brunhes-age lavas from 
Amsterdam Island, situated at mid-southern latitudes (37.8 °S, 
77.5 °Е), Watkins and Nougier'® note that two distinct, basalt 
sequences (containing two and three flows, respectively) display 
nearly the same intermediate palaeodirection. They then argue 
that the geomagnetic field vector recorded at Amsterdam Island 
changed from full normal polarity to the same intermediate 
direction on two separate occasions. Interestingly, these inter- 
mediate Brunhes directions are found to lie between 30? and 
45? from the initial (normal polarity) axial dipole field direction 
and, moreover, are strongly far-sided. In fact, this intermediate 
behaviour corresponds to a near-vertical (upwards) vector field 
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Fig.3 Demagnetized directional data from two transitional 
events from Akaroa Volcano, New Zealand: A1 (N-R; the older) 
and A2 (R-N). See Fig. 2b legend. 


direction at the site, strikingly similar to that found in the 
(normal) Miocene lavas at Mount Kaputar and nearly antipodal 
to the (reverse) Oligocene lavas from Liverpool Volcano. The 
Amsterdam Island events are included in Fig. 5 (Am1, 2). 

These younger Southern Hemisphere data, taken together 
with those from Australia and New Zealand, suggest that the 
core process responsible for these intermediate-field events has 
possessed similar characteristics throughout the Cenozoic. 
Moreover, when considered in this light, the Amsterdam data 
indicate that at least some unsuccessful reversal attempts have 
occurred during the Brunhes normal epoch. It seems likely that 
such attempts have characterized the behaviour of the geody- 
namo throughout geological time. 

With regard to field geometry, Fig. 5 indicates strikingly 
near-sided or far-sided intermediate directions to be present 
during all four recorded events involving reverse-polarity fields, 
as well as three of the five events involving normal polarity. Of 
these seven departures fromi full polarity consistent with a 
strongly axisymmetric, apparently stationary intermediate field 
geometry (namely, L1-3, А2, КІ and Am1, 2), six are associated 
with an inclination steepening, while event A2 alone indicates 
an inclination shallowing. The two remaining normal polarity 
departures (namely, L4 and А1) are associated with significant 
non-zonal field characteristics. Hence, although many of these 
data suggest largely axisymmetric fields of varying harmonic 
content during the onset of reversals, while the field is tran- 
sitional and essentially stationary, such a geometrical aspect 
may not always be associáted with the core process. 

The lack of intermediate directions deviating by more than 
60? from the initial axial dipole field direction during, in par- 
ticular, the three successful transitions suggests that field changes 
are rapid during the hypothesized second stage of the reversal 
process. The first (onset) stage may also be rapid, but in view 
of tlie lack of knowledge regarding the recurrence time between 
any two extrusions, these suggestions must be considered statisti- 
cally. In this sense, however, the summary display of the 
Southern. Hemisphere basalt data (Fig. 5) is quite compelling. 
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Fig. 4 Demagnetized directional data from event КІ (N-N) from 
Mt Kaputar, Australia. See Fig. 25 legend. 
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Fig. 5 Summary plot in ( D', I')-space of all intermediate direc- 
tions reported in this study. Data corresponding to two Brunhes- 
aged excursions (Am1, 2) from Amsterdam Island, Indian Ocean’? 
are also plotted. Events starting from a reverse (normal) polarity 
field appear at left (right). The diagonal dashed lines are the 
boundaries between directional quadrants consistent and incon- 
sistent with axisymmetric field dominance’®. See Fig.2b legend. 


Comparison with Northern Hemisphere records 


The question that arises is: to what degree are palaeomagnetic 
transition records from the Northern Hemisphere compatible 
with these Southern Hemisphere data in suggesting the existence 
of a two-step reversal process? 

The literature contains several apparently highly reliable 
Cenozoic records from igneous structures consistent with our 
Southern Hemisphere findings. A dramatic record of this kind 
is the Icelandic *R3-N3' transition record?), which consists 
almost exclusively of a large number of systematically varying, 
intermediate palaeodirections residing less than 90? from the 
reverse-polarity axial dipole field direction'?. Reporting the 
measurement of strong palaeointensities in a few of these inter- 
mediate-directed lavas, Shaw^??' proposed that a third meta- 
stable state of the geomagnetic field, in addition to normal and 
reverse polarity, may exist. We return to this hypothesis later. 

More recently, Bogue and Coe??? have investigated two 
sequential reversals obtained from lava sequences on Kauai, 
Hawaii. They report the existence of clustered, marginally inter- 
mediate directions at the onset of the reversals (especially for 
the R-N transition), but find a complete lack of strongly inter- 
mediate directions at other times during the polarity transitions. 
From these data, Bogue and Coe argue that the bulk of the 
directional changes associated with both transitions occurred 
rapidly. 

The recently reported reinvestigation of the very detailed 
Miocene R-N record from the mid-northern-latitude basalts 
comprising Steens Mountain, Oregon?, reveals that the core 
process is characterized by stop-and-go behaviour. The authors? 
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consider such behaviour to be a consequence of a succession 
of ‘geomagnetic impulses’ in the core. In particular, the authors 
note a large and regular change in direction at the onset of the 
reversal to an intermediate orientation which remains essentially 
unchanged during the extrusion of several flows. There follows 
an apparently rapid change (an impulse) to full norma! polarity 
and then, before the completion of the reversal, a ‘rebound’ to 
the same intermediate field direction?. 

Stronger supporting evidence comes from intrusions. because 
of their capability to record in a more continuous fashion than 
lava sequences. In particular, the detailed records of two 
Miocene R-N transitions obtained from intrusions in the Pacific 
north-west of the United States”, which differ in age by several 
Myr, display strikingly similar palacofield bchaviour'^". 
Specifically, both records indicate a quite rapid and marked 
change in inclination at the onset of the transition. The field is 
then observed to maintain a loosely stationary intermediate 
geometry, apparently for quite some time before the completion 
of each reversal. One record (Tatoosh intrusion) contains a 
rebound from normal polarity to this same field configuration", 
much as is seen in the Steens Mountain record. Given that these 
records were derived from slowly cooled igneous bodies and 
are thus considered to be continuous, such time-dependent 
interpretations of directional movements are highly credible. 

Particular high-resolution reversal records obtained from 
sedimentary structures in the Northern Hemisphere also display 
field behaviour consistent with our findings from southern lati- 
tudes. The two most striking examples are the Matuyama- 
Brunhes record from the Boso Peninsula, Japan", and the 
Gauss-Matuyama record from Searles Valley, California’. Both 
records suggest the reversal onset to be characterized by a 
movement to an intermediate palaeodirection which remains 
essentially stationary. In the younger (R-N) transition, the inter- 
mediate field configuration displays strong zonal symmetry’, 
however, the intermediate field recorded during the older (N- К) 
transition is without question non-zonal. 


The geomagnetic reversal process 


Clearly, a significant fraction of available transition data from 
both hemispheres supports the idea of a reversal process in the 
core which is rather discontinuous. We believe that the findings 
from Southern Hemisphere volcanics presented here further 
clarify the core mechanism. Specifically, these data suggest that 
a potentially long-lived, intermediate field state is developed 
near the onset of the transition process. From this stationary or 
quasi-stationary configuration, a rapid change to either polarity 
is indicated. 

It seems reasonable to suspect that geomagnetic reversal 
attempts start locally in the core?, perhaps caused by a form 
of short-range, hydrodynamic disturbance. Moreover, the repeti- 
tive field behaviour recorded at Liverpoo! Volcano may indicate 
that a succession of nearly identical disturbances can occur al 
the same location in the core over a relatively short interval of 
time, or alternatively, that a single disturbance can fluctuate 
significantly in intensity during its existence. The developed 
intermediate field geometry associated with a given attempt may 
be considered metastable as first proposed by Shaw. 
However, according to the Southern Hemisphere data, the par- 
ticular geometry is likely to vary from one series of events to 
the next, perhaps linked to the location in the core where the 
reversal-causing disturbance initiates. At this point in the process 
the reversal attempt may abort. It is not known just what con- 
ditions are required for the dynamo to undergo a successful 
transition in polarity. 

As we have seen, available high-resolution transition data 
often suggest quite rapid directional movement to be a feature 
of the reversing geodynamo. Indeed, one conclusion from the 
Steens Mountain study? is that a small number of geomagnetic 
impulses, characterized by extremely large angular rates of 
change of the vector field, occurred during this reversal. Such 
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rapidity indicates that reversal attempts are in Jarge part ‘fluid- 
driven'; that is, associated with changes dominated by frozen-in 
flux? in а changing velocity field. On the other hand, the 
process of magnetic flux diffusion must become significant over 
longer intervals of time. This may explain the observation, 
certainly a feature of much of the Southern Hemisphere data, 
of apparent axisymmetry of the stationary or quasi-stationary 
transitional field geometry developed between the two stages of 
more rapid change. Specifically, as the duration of a reversal- 
causing hydrodynamic disturbance increases, so too may. the 
zonal symmetry of the perturbed field produced by the affected 
local fluid source. In an ож- -dynamo”*”* this may result from 
flux diffusion as the w-process spreads the altered field 
azimuthally. The data, however, cannot eliminate the possibility 
that those cases of apparent zonal dominance are produced 
from the outset by latitudinal 'flooding!?!*?? or by diffusive 
decay of an axially symmetric field??. Neither can the recorded 
events, each having been obtained from a single site, provide 
any quantitative measure of the relative importance of zonal 
and non-zonal harmonic content. 

We emphasize that no compelling information is gained from 
the Southern Hemisphere data regarding the nature of configur- 
ational changes throughout the reversal process. Hence, any 
suggestion of axisymmetry associated with a given event can- 
hot be extrapolated, especially to times after the develop- 
ment of the apparently stationary intermediate field 
configuration. Indeed, the data suggest the return to full 
polarity during successful attempts to be accomplished by 
one; or a series of?, rapid, fluid-driven events. Such are not 
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likely to be associated with axially symmetric fields”. 

The Southern Hemisphere transition data clearly suggest that 
a stationary or quasi-stationary intermediate field configuration 
may dominate an entire reversal. This interpretation of the data, 
if valid for most polarity reversal attempts, implies that the 
corresponding global field geometry associated with a given 
event is quantifiable, provided that the same feature is recog- 
nized in contemporaneous, distant records. When the appropri- 
ate data become available, such a determination wili constitute 
a major step forward in our understanding of the spatial charac- 
teristics of the reversal mechanism in the Earth's core. 
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T-cell receptor а- апа B-chain genes were isolated from a class I major histocompatibility complex-restricted cytotoxic 
T-cell clone and transferred by protoplast fusion into another cytolytic T-cell clone of different specificity. Expression of the 
transfected a and B genes endowed the recipient cell with the specificity of the donor cell. 


IN the immune system of vertebrates, T cells recognize foreign 
structures on cell surfaces in the context of glycoproteins 
encoded by the major histocompatibility complex (MHC) (for 
review see ref. 1). The molecule that recognizes the foreign 
antigens and MHC determinants—the T-cell receptor—is com- 
posed of at least two polypeptide chains, о and B, which 





contribute to tlie specificity of the cell (see refs 2, 3 for a review). 
The a- and B-chains are associated on the céll surface with 
additional molecules, notably the T3 molecule, which might be 
important for certain effector functions*?. Furthermore, the Lyt 
2/Т8 and L3T4/T4 surface glycoproteins are thought to stabilize 
the binding of T cells to their targets”. It is assumed that these 


NATURE VOL. 320 20 MARCH 1986 





additional interactions are especially important for receptors 
with low affinity as the blocking effect of antibodies directed 
against L3T4 can be reversed by increasing the density of the 
target antigen". 

The genes encoding the œ- and -chains of the T-cell receptor 
have been cloned and characterized? !!; they are composed of 
genetic segments which rearrange during T-cell development to 
generate T cells with clonally distributed receptors containing 
variable (V) and constant (C) regions. In the mouse, the variable 
regions of (ће a- and f-chains are encoded by about 20 Ур, 
2 Dg (diversity), 12 J (joining), at least 50 У,, and over 20 J, 
gene segments, while a single C, and two almost identical Св 
genes encode the constant геріопв12-22, A third gene family, y, 
is closely related to the a and В genes and shows specific 
rearrangements in T cells?^75, The protein product of the у gene 
has not yet been identified and the function of the y gene is 
unknown. 

Various elegant experiments have addressed the question of 
whether the а- and В-сһаіп are sufficient to endow a T cell 
with both antigen and MHC specificity’””®. Perhaps the most 
straightfoward way to investigate this question is by gene transfer 
between T cells of different specificities. Here we show that 
T-cell receptor œ- and B-chain genes, isolated from a cytotoxic 
T cell, are sufficient to transfer that cell’s MHC-restricted antigen 
specificity to another T cell. 


Isolation of œ- and -chain alleles 


The cytotoxic T-cell clone BDFL 1.1.3 (called BDFL), isolated 
from а (C57BL/6x DBA/2)F, mouse shows specificity for the 
hapten fluorescein (FL) and the MHC class I antigen D*. We 
constructed complementary DNA and genomic DNA libraries 
for BDFL using Agtl1 and cosmid vectors, respectively. From 
the cDNA library we isolated two a-chain and four 6-chain 
cDNA clones using a- and f-chain constant-region hybridiz- 
ation probes that have been described elsewhere^???, Sequence 
determination of the cDNA clones revealed that the two a and 
all four В clones were derived from a single, presumably func- 
tional, a- and B-chain allele, respectively. Northern blot analysis 
of BDFL poly(A)* RNA with о- and 8-chain constant-region 
probes revealed 1.5-kilobase (kb) and (less abundant) 1.2-kb 
a-chain transcripts and a 1.3-kb -chain transcript (Fig. 1). The 
a-chain cDNA clones correspond to the larger transcript, as 
shown using the V-region-specific hybridization probe Vgpriat 
(Fig. 1). 

Cosmid clones were isolated from the genomic library? using 
а- and B-chain constant-region probes as well as the Vgpgj ат 
variabie-region probe. The V&pg; „; probe detects only a single 
V gene segment in germline DNA (data not shown). Based on 
overlapping restriction maps, these clones could be ordered into 
four clusters defining the two æ- and the two f-chain alleles of 
BDFL (Fig. 2). Comparison of the cloned genes with germline 
DNA sequences for о- and #-chain genes!^? revealed that all 
four alleles had undergone DNA rearrangements. 


Identification of functional alleles 


To characterize the four alleles, we determined their DNA 
sequences around the points of rearrangement. The а! and 8I 
alleles are functionally rearranged genes while the аП and ВП 
alleles contain nonfunctional rearrangements. All four genes 
possess rearranged V gene segments (Fig. 3). 

The two a alleles have been formed by rearrangement of two 
V gene segments, termed Vgpg; 4; and Vgpg ап» with J, gene 
segments located 40 and 10 kb upstream of Ca, respectively 
(Figs 2a, b and 3). The two V, and the Jppriar gene segments 
have not been described previously, whereas the Jgpp ап gene 
segment has been found? in an a-chain cDNA clone. We also 
sequenced the Jag an gene segment in a germline clone derived 
from BALB/c DNA (Figs 2a, 3). 

The BDFLaI allele contains an open reading frame 
throughout the V gene and a splice site at the expected position 
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Fig. 1 Northern blot analysis of T-cell receptor genes of the 
cytolytic T-cell clone BDFL. Poly(A)*-selected RNA (2pg per 
lane) was separated on a 1% formaldehyde gel, transferred to a 
nitrocellulose filter and hybridized with the probes indicated. The 
C, probe is identical to probe 2 described previously". The 
Vaprra: probe is an Rsal-EcoRI fragment of the a-chain cDNA 
clone pTBD1.9, isolated from the BDFL cDNA library. This probe 
contains 200 bp of the BDFLoI V region and 255p of the C, 
region. The Vaprian probe is a 4-kb BamHI fragment containing 
the У-Љљрғ ап exon from cosmid clone BDFL9.3 (compare with 
Fig. 2). The Cg probe is ће 300-bp insert of the -chain cDNA 
clone 4.4 decribed previously). The Vapria1 probe is а 200-bp 
EcoRI- Pst] fragment of а В-сһаіп cDNA clone isolated from the 
BDFL cDNA library. The Vaprian probe is a 1.2-kbSali- BamHI 
fragment from cosmid clone BDFL3.2 (compare with Fig. 2). 

Methods. RNA was isolated by guanidinium isothiocyanate and 
CsCI gradient centrifugation??/9. Blots were hybridized with oligo- 
labelled probes as described previously***'. The cDNA library 
was constructed in the Agt11 vector as described elsewhere**, RNA 
relative molecular masses (M,s) were determined using DNA 
fragments of known lengths run on the same gel. The blot obtained 
with the Vgprian probe is overexposed to show the 1.2-kb œ gene 

transcript. 


at the end of the J gene segment. The V-region sequence is 
identical to the BDFL а-сһаіп cDNA clone (Fig. 3). This iden- 
tifies the aI gene as the functional allele. It is interesting to note 
that the V gene has an unusually long intron of 430 base pairs 
(bp) between the leader and the V exon. The BDFLa1l allele 
is nonfunctional. The frame in which the V and J gene segments 
have been joined results in a premature termination codon at 
the end of the V region. The aII allele is also transcribed, 
although at a lower level than the «œI allele, giving rise to the 
1.2-kb RNA molecule (Fig.1). We do not know why this 
unusually short transcript is produced. 

The BDFL1 allele shows a V-D-J,2.5 rearrangement which 
deleted the C,1 constant-region gene (Figs 2c, 3). BDFLBI is 
the functional B allele because it has an open reading frame 
and is identical to the four B-chain cDNA clones isolated. 
Interestingly, this В gene contains the same V gene segment 
(E1) previously identified'? in а trinitrophenol (TNP)-specific 
helper T-cell clone restricted to I-A‘. Thus, as found 
ргеуіошвіу 83152 the same V gene segment can be used by MHC 
class I and class 11-геѕігісќеа T cells. The BDFLgII allele is 
characterized by a rearrangement of a V gene segment to Dgi 
and J,1.2 (Figs 2d, 3); the rearrangement has fused the gene 
segments such that a premature termination codon is encoun- 
tered in the C region. On the basis of these criteria, the BDFLBII 
gene is nonfunctional. Also, it does not produce a Й-сһаіп 
transcript detectable by Northern blot analysis (Fig.1). The 
BDFL8H V gene segment has not been described pre- 
viously ^1?5, Thus, at present, 17 Vg gene segments have been 
identified in the mouse genome. 
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Fig. 2 Molecular maps of rearranged T-cell receptor а- and f-chain alleles from BDFL. Boxes indicate the location and approximate size 
of the V and C gene segments; their positions were deduced from sequence determinations (compare with Fig. 3) and by Southern blot 
hybridization using the V- and C-region probes described in Fig. 1 legend. The Dg2-Jg2 rearrangement in the BDFLBII gene was deduced 
from smaller restriction fragments in this region, compared with germline restriction maps'*, but has not been sequenced. Restriction enzyme 
sites are indicated by vertical bars. + Indicates the presence of unassigned sites for the same enzyme in the segment marked. а, The BDFLaI 
allele is defined by two overlapping cosmid clones derived from the DBA/2 chromosome (compare with ref. 29); as these overlap by less than 
0.5 kb of DNA, a germline cosmid clone, BALB/c9.1A, was isolated from a BALB/c cosmid library? to confirm the overlap. b, The BDFLaII 
allele is defined by five overlapping cosmid clones derived from the C57BL/6J chromosome (compare with ref. 29). c, The BDFLI allele is 
defined by one cosmid clone. No site for SalI was found. d, The BDFLAII allele is defined by four overlapping cosmid clones. 

Methods. The BDFL cosmid library was constructed and screened with oligo-labelled Ca, Cg and Vgpg,,I probes (see Fig.1 legend) as 
described previously. The probe used to isolate the cosmid clone BALB/c9.1A was а 2-kb fragment extending from the left-most Bam HI 
site to the left end of cosmid clone BDFL2.5. All cosmid were analysed by restriction enzyme digestion and hybridization as described 


previously** 5, . 


Transfection of functional alleles 


To transfer the BDFL aI and ВІ alleles into another T cell, we 
constructed the cosmid molecule BD7 containing both genes in 
the same transcriptional orientation together with the neomycin- 
resistance gene as a positive selection marker (Fig. 4). Briefly, 
30 kb of the large intervening sequence between the exons encod- 
ing the V and C regions of the a-chain were excised so that 


the a gene together with the В gene would fit into the cosmid 
vector. The deletion in the intron ends 10 kb upstream of the 
C, gene and therefore leaves at least one functional J, gene 
segment? behind. We reasoned that if the T-cell receptor a gene 
contains a tissue-specific enhancer element in a similar position- 
to that in immunoglobulin heavy and light-chain genes”, it 
should be located downstream of the most 3’ functional J, gene 
segment and would therefore be retained in our construct. The 


Fig. 3 (Opposite) Nucleotide and predicted amino-acid sequences of the T-cell receptor a- and B-chain V genes and cDNAs from BDFL. a, al; b, all; с ВІ; 
d, BII. The leader (L), V, D.and J regions are indicated. In BDFLo1I and BDFLalI, broken arrows indicate unknown locations of boundaries and possible extra 
nucleotides between V and J. Dashes indicate where cDNA sequences are identical to genomic sequences. lai in b is the sequence of the germline Љоғі ап 
gene segment on cosmid clone BALB/c9.1A (compare with Fig. 2). Proposed nonamer and heptamer recognition sequences for DNA rearrangement are indicated 
by the respective numbers. Conserved splice donor sites at the 3' end of the J-gene segments are underlined. А 

Methods. The ВРЕ!.а1 and BDFL8I cDNAs were excised from Agtl1 and subcloned into the EcoRI site of pUC9 or M13mp18. Relevant restriction enzyme 
fragments were isolated from cosmid clones (see below) and subcloned into pUC9 or M13mp18/19. DNA sequences were obtained using deletion subcloning”, 


chemical degradation?" and dideoxynucleotide chain termination ^? 


techniques. Primers used for dideoxynucleotide sequencing were either purcliased (universal 


M13 primer) or synthesized ^^. The following fragments were isolated and subcloned for sequencing (compare with Fig.2): a 3-kb BamHI from cosmid clone 

BDFL7.5 containing the Vaprial gene (this clone was designated pVa-1); a 4-kb BamHI fragment from cosmid clone BDFL9.3 containing the VgprLan gene; 

a 1.2-kb HindIII- Clal fragment from cosmid clone BDFLS.2 containing Vapri gi; à 1.2-kb SalI-BamHI fragment from cosmid clone BDFL3.2 containing VasprLgus 
and a 9-kb BamHI fragment from cosmid clone BALB/c9.1A containing the unrearranged Jgpr ап gene segment. 


235 
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shortened al gene on an 18-kb fragment was then inserted, 
together with а 24-kb fragment containing the ВІ gene, into the 
cosmid vector pTCF containing the G418-resistance gene with 
simian virus 40 (SV40) promoter and enhancer sequences. In 
this construct the aI and BI genes retained 1 and 8kb of 
5'-flanking sequence, respectively. 

The BD7 construct was then transfected by protoplast fusion 
into the cytolytic T-cell hybridoma SPH (ref. 36), which recogn- 
izes the hapten 3-( p-sulphophenyldiazo)-4-hydroxyphenylacetic 
acid (SP) and the K* MHC class I molecule. The T-cell 
hybridoma SPH was obtained by fusion of a CBA-derived 
cytotoxic T cell with the AKR thymoma BW5147. 

From four independent protoplast fusion experiments with 
BD7, we isolated 41 G418-resistant clones. Of these clones, 22 
had retained the antigen and MHC-specific cytolytic activity of 
the recipient T-cell hybridoma (data not shown); 12 of these 
were analysed further. 


Clone BD7-S17 transcribes transfected genes 


We analysed transcription of the transfected BDFL о and f 
genes, since no anti-idiotypic antibody directed against the T-cell 
receptor of the BDFL killer cell was available. Initially, RNA 
dot-blot expierments were carried out on all 12 transfectants. 
Using the Venera: and Vape; gr-specific probes only one trans- 
fectant (BD7-S17) showed high levels of BDFLoI gene tran- 
scription, while two transfectants (BD7-S17 and В07-519) 
showed high levels of BDFL{I gene transcription (not shown). 
Northern blot analysis confirmed that the BD7-S17 transfectant 
contained high levels of a and f transcripts hybridizing to the 
BDFL V-region probes (Fig.5a). The BD7-J9 transfectant 
showed intermediate levels of B-gene transcripts but no a tran- 
scripts (Fig. 5a). 

In contrast to the Vspg; „т probe, the Урра; probe hybridized 
weakly with RNA from the SPH recipient T cell (Fig. 5a), 
indicating that the same or a closely related Vz gene segment 
was transcribed in SPH. We therefore performed RNase protec- 
tion experiments to show unequivocally that proper a- and 
B-gene transcripts were derived from the introduced BDFLa! 
and BI genes, respectively, in the transfectants. 

As probes for the RNase protection experiments, we used 
labelled ‘anti-sense’ RNA transcripts derived in vitro from the 
coding strands of the V,; and Уз; genes (Fig. 5b). These probes 
were annealed with RNA from BDFL, SPH, BD7-S17 and 
BD7-J9 cells, digested with RNase and analysed on a 696 
sequencing gel. As shown in Fig. 55, BDFL and BD7-S17 RNA 
protected 352-nucleotide (nt) У,; and 351-nt-Va; RNA frag- 
ments. BD7-J9 RNA protected the 351-nt Vz; RNA fragment 
but showed no protection of the V,, probe. SPH RNA did not 
protect the V,, RNA but it (as well as RNA from the two 
transfectants) did protect a 291-nt fragment of the Уз, RNA 
probe, again indicating that the same or a very similar Уз gene 
segment is transcribed in the SPH and BDFL cells. Because of 
the difference in size between the Va fragments protected by 
SPH and BDFL RNA, at least the sequences around the D 
regions must be different in the B-chain genes of BDFL and SPH. 

The results of the RNase protection experiments confirm that 
the introduced BDFL aI and ВІ genes are transcribed and 
spliced in clone BD7-S17 while only the BDFL BI gene is 
transcribed and spliced in BD7-J9. We have not found a major 
protected band for the 5’-untranslated regions and the leader 
sequences of the а and В genes, possibly because of premature 
termination of most of the in vitro-synthesized RNA molecules. 

Figure 5c shows an analysis of the RNAs of the two transfec- 
tants, the donor and the recipient T cells, using an oligonucleo- 
tide probe specific for the Vgpe; в gene. With this probe tran- 
scripts of the same size were found in the transfectants and the 
BDFL donor cell, while no hybridization was observed with 
RNA from SPH recipient cells. We conclude, therefore, that the 
BDFL a and В gene transcripts were correctly initiated, spliced 
and terminated in the transfectants. 
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Fig. 4 Structure of the BDFL T-cell receptor gene construct. The 
cosmid BD? was derived by subcloning the BDFLaI and BDFLBI 
genes into the cosmid vector pTCF, described in ref. 50. O, à: V 
and C genes of BDFLaoI and BDFLI, respectively. Amp’, the 
B-lactamase gene of pBR322; Neo’, the aminoglycosyl 3'-phos- 
photransferase gene from Tn5; cos, cos site of phage A. Arrows 
indicate the orientation of transcription. The double-lined segment 
represents the vector; the segment indicated by a single line was 
derived from parts of cosmids BDFL7.5 and BDFL2.5; the segment 
represented by a broken line was derived from cosmid BDFL5.2 
(see below). Restriction enzyme sites used in the construction are 
shown. Parentheses indicate that the respective sites were inacti- 
vated during the cloning. 

Methods. The construction involved several subcloning steps: (1) 
in pVa-1 (see Fig.3 legend) the unique Sma] site of the pUC9 
vector was converted into a XhoI site by linker insertion. (2) The 
insert of pVa-1, excised with Sall and XhoI, was subcloned into 
the Sall site of the cosmid vector pTCF. One of the resulting 
clones, pTCFVa-C, contained the desired unique SalI site 3' of 
the Уьркт 41 gene (the other Sall site was not regenerated because 
of ligation of Sal] and XhoJ sticky ends). (3) A 15-kb Sall- XhoI 
fragment from cosmid BDFL2.5, together with a 24-kb Sall- XhoI 
fragment from cosmid BDFL5.2D (derived from cosmid clone 
BDFL5.2 after conversion of the unique Smal site into a XhoI 
site; compare with Fig.2), was inserted into the Sall site of 
РТСЕУа-С. From the resulting clones, cosmid BD7, with one 
Xhol and two Sall sites, was selected for transfection experiments. 
BD7 was transferred to SPH hybridoma cells by protoplast fusion 

as described elsewhere?! ??, 


Specificity of BD7-S17 transfectant 


To determine whether the introduced and transcribed BDFL ої 
and BI genes enabled the BD7-S17 transfectant to recognize 
the same target cells as BDFL, we tested its effect on Н-29- and 
H-2*-positive cells coupled with either fluorescein or SP. We 
used two different types of target cells: B-cell blasts and L-cell 
fibroblasts. We shall first describe the results obtained with B-cell 
blasts. Figure 6a shows that the BD7-S17 transfectant was able 
to lyse H-2*-positive B-cell blasts coupled with SP, but could 
not lyse H-2°-positive B-cell blasts coupled with FL. Thus, the 
transfectant had retained the cytolytic specificity of the SPH 
recipient cell but had not gained the specificity of the BDFL 
donor cell when tested on B lymphocytes. 

It has been argued that T cells which display a relatively low 
avidity for MHC and antigen require accessory molecules (such 
as Lyt 2 and L3T4) to strengthen the interaction with target 
cells, The need for L3T4 to stabilize the T-cell/target cell 
interaction can be overcome by increasing the concentration of 
antigen on the surface of the target се], For unknown reasons, 
T-cell hybridomas derived from fusion experiments using 
BW5147 as the thymoma parent, do not express Lyt 2 
molecules”. Thus, a possible explanation for the failure of the 
BD7-S17 transfectant to lyse B-cell blasts is that it requires Lyt 2 
which was not expressed on the recipient SPH hybridoma (not 
shown). Indeed we found that the cytotoxic activity of BDFI 
cells can be blocked with anti-Lyt 2 antibodies (Fig. 6a). Thus 
we hoped to overcome the requirement for Lyt 2 by using targe 
cells expressing larger amounts of the D? antigen. 
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Fig. 5 Analysis of transfectants by Northern blotting and RNase protection. a, Northern blot ‘analysis. Blots were obtained and hybridized 
with the Vaprie: and Vaprrg; probes as described in Fig. 1 legend. b, RNase protection experiment. DNA fragments containing the al and 
BI V-region genes were subcloned into the pSP6 vector, labelled and hybridized with poly(A)* or total RNA isolated from the indicated T 
cell as described elsewhere??, using а commerically available RNA synthesis kit (Amersham). Тһе У; RNA probe was derived from the 1.2-kb 
insert of a deletion subclone of pVa-1 (see Fig. 3 legend); the Va; RNA probe was derived from the 1.2-kb HindlII- Cíal fragment of cosmid 
clone BDFL5.2 (see Fig. 3 legend). The sizes of the protected RNA fragments were determined on 6% polyacrylamide/urea sequencing gels 
by co-migration with DNA sequence ladders. The sizes of the expected protected RNA fragments are shown in the diagram at the bottom. 
Open boxes indicate the SP6 promoter region as well as the exons of the a and В genes. с, Northern blot analysis. Northern blots as in a 
were hybridized with a 33-nt oligonucleotide probe specific for the 3’ end of the BDFLAI V-region gene (positions 729-761 in Fig. 3). The 
oligomer was synthesized”, labelled with T4 polynucleotide kinase and hybridized as described elsewhere”. 


Next, as target cells we used two different L-cell fibroblasts 
expressing high levels of either D^ or KX MHC molecules 
(Fig. 65). L cells expressing high levels of D? antigen (L-D* f ; 
5-7-fold more than the B-cell lymphoma A20) have been 
obtained by gene transfection®. As L cells are derived from C3H 
mice, the transfected L cells also express K* antigen. L cells 
expressing large amounts of К“ antigen (L-K* f ; about the 
same amount as D* and about 10-fold more K* antigen than 
on L-D? 4 ) were obtained by selection (see Fig. 6 legend). Both 
L-cell lines were coupled with either FL or SP and tested with 
the donor, recipient and transfected cytotoxic T cells. 

As shown in Fig.6b, the BDFL donor T cells lysed only 
FL-coupled L-D* ¢ targets well and produced some background 
lysis on the other targets. The SPH recipient T cells lysed the 
SP-coupled L-K* ¢ targets well and showed a low level of lysis 
above background on SP-coupled L-D 4 targets. The BD7-S17 
transfectants lyse both FL-coupled 1-р“ f and SP-coupled L- 
К“ ф targets well; they also showed a low level of cytotoxic 
activity on SP-coupled L-D? f targets, as did the recipient cells. 

We believe that the lysis of SP-coupled L-D? f targets by the 
recipient and the transfected T cells results from recognition of 
the endogeneously expressed K* antigens and SP on the target 
cells (the specificity of the recipient). If one subtracts the back- 
ground lysis of uncoupled L-D? 4 target cells, there is about 
10% specific lysis by the transfectant and 6% specific lysis by 
the recipient of the SP-coupled L-D* target cells. As these 
two values are not significantly different there is no evidence 
for the generation of receptors with mixed specificities on the 
surface of the transfectant. Thus, the lysis of FL-coupled L-D, f 


targets is the only novel specificity detected for the transfectants, 
which is the result expected if the MHC-restricted antigen 
specificity of the donor cell is expressed on the transfectants. 
In agreement with this result, lysis of FL-coupled L-Dg? cells 
by the transfectant was significantly inhibited by anti-D“ anti- 
bodies (Fig. 6c). 

The inability of the BD7-S17 transfectant to lyse FL-coupled 
B-cell blasts expressing ‘normal’ levels of D^ can be explained 
by the absence of Lyt2 molecules on the transfectant. 
Apparently, and in agreement with previous findings"^, this 
deficiency can be compensated for by over-expression of target 
antigens. Transfer of the recently isolated Lyt2 gene'? into 
BD7-S17 should allow us to test this explanation. 

The low killing efficiency of the BD7-S17 transfectant might 
also be explained in other ways: for example, other cell surface 
molecules (possibly the T-cell receptor-related y-chain of the 
donor cell) might be important in stabilizing the interaction with 
target cells. Also, a low concentration of the donor-derived a/ В 
heterodimer on the transfectant could explain the killing 
inefficiency. The latter possibility can be tested by 
immunoprecipitation and two-dimensional gel electrophoresis 
to distinguish between the various а- and #-chains. 

In contrast to BD7-S17, the BD7-J9 transfectant, transcribing 
the BDFL ВІ but not the aI gene, does not lyse FL-coupled 
L-cell targets expressing high levels of the D? class I molecule. 
Thus, it is unlikely that the B-chain alone can transmit specificity 
as tested in our system. We have not tested any transfectants 
expressing the BDFLaI chain alone. Therefore, we conclude 
that in our system the T-cell receptor a- and f-chains are 
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Killer / target cell ratio 


Fig. 6 a, Cytolytic activity of SPH (recipient), BDFL (donor) 
and BD7-S17 (transfectant) T cells on lipopolysaccharide (LPS)- 
stimulated B- cell blasts coupled with either the hapten 3-(p- 
sulphophenyldiazo)-4-hydroxy-phenylacetic acid (SP) or fluore- 
scein (FL). @—@, BDFL 1.1.3 (FL+ 0%); Ө...Ө, BDFL 1.1.3 plus 
anti-Lyt 2 antibodies; O, SPH 1.3 (SP+K*); A, BD7-S17. The 
target LPS blasts were labelled with ?'Cr and specific ?! Cr release 
was determined in a ?!Cr-release assay?*. For inhibition with anti- 
Lyt 2 antibodies (53-6.72; 100 ug mI), cytolytic T cells were 
incubated with purified antibodies for 15 min before addition of 
target cells. b, Cytolytic activity of SPH (recipient, O), BDFL 
(donor, 6) and BD7-S17 (transfectant, A) cells on L-cell fibroblasts 
coupled with either SP or FL. L-K* f cells аге LS5 cells (Flow 
Laboratories) derived from the L929 cell line; they were selected 
for their high expression of K* antigens. L-D? t cells are Ca 25.8.1 
cells transfected with a D? class I MHC gene (provided by B. 
Malissen); this cell line expresses about one-tenth of the level of 
K* antigens expressed by the LS5 cells. As assessed by fluorescence- 
activated cell sorter analysis, the amount of К“ antigens expressed 
by the LSS cells is slightly higher than the amount of D? antigens 
expressed by the Ca 25.8.1 cells (as tested using monoclonal 
antibodies H0-100-5/28 (anti-K*) and 34-7-23 (anti-D9) at a con- 
centration of 100 pg ml). с, Inhibition of cytolytic activity of 
BD7-S17 (transfectant) T cells by preincubation of L-D* 1 -FL 
cells with anti-D? (34-7-23) antibodies (100 pg ml!) for 15 min 
before addition of the cytolytic T cells. As a control we used FLH 
cells whose specificity is not restricted by polymorphic MHC 
determinants?. О--О, FLH; О-О, FLH plus anti-D; A--A, 
BD7-S17; А-А, BD7-S17 plus anti-D*. 
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sufficient to transfer the MHC-restricted antigen specificity to 
recipient cells. 


Conclusion 


These results provide the first definite proof that the T-cell 
receptor œ- апа B-chain genes can transmit a functional 
specificity from one cytotoxic T cell to another. The ability to 
transfer T-cell receptor specificities by gene transfection opens 
up new ways of studying, by in vitro manipulation, the molecular 
interactions that enable T cells to recognize both MHC and 
foreign antigen, genetic elements important for T-cell receptor 
gene regulation and the development of the T-cell receptor 
repertoire during ontogeny. 
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Time variations in compact extragalactic objects can be used to 
constrain both their emission mechanisms and models for their 
geometry. In particular, periodic variations constrain the popular 
black hole model for these sources’. There have been many reports 
of the presence (and absence) of both periodic? ? and non-periodic? 
variability in the BL Lacertae object OJ 287 = 0851 +202, from 
the optical and infrared through centimetre radio wavelengths 
(Table 1). The apparent consistency of the reported periodicity 
near P = 15.7 min and the absence of variations in other sources 
observed in the same way lends some credence to these variations, 
even though they are only a few per cent of the mean intensity. 
We observed OJ 287 with the Very Large Array (VLA) at 5, 15 
and 22 GHz several times in early 1983. The 5-GHz data, taken 
coincident with the 22-GHz observations of Valtaoja et al.®, show 
OJ 287 to have decreased in flux by about 1.8% in an irregular 
way over a span of about 7 h, and to have fluctuated by about 
0.5% on a timescale of about 15 min. Brightness temperatures 
derived from causality constraints range between 10'$ and 107° K. 
Fourier spectra of the time series were analysed using a novel 
one-dimensional complex CLEAN algorithm to remove the effects 
of the data sampling. At 5 GHz there was no harmonic component 
to the intensity of OJ 287 which exceeded 0.1% of the mean for 
any period between 80 and 5,000 s. The limits at 15 and 22 GHz 
were 2% and 0.8%, respectively. 

The 5-GHz observations were made in the standard hybrid 
C-D configuration of the VLA over the UT interval 1983 May 
23.859 to 1983 May 24.171, using both right and left circular 
polarizations in a 50-MHz bandwidth centred at 4.8851 GHz. 
To provide an internal check on the observations and to give 
continuous time coverage on each object, the VLA was divided 
into two independent subarrays which observed OJ 287 and the 
calibrator 0839--187 for 6 min 20s each in two alternating 
sequences 180? out of step (except for a short period during 
which the subarrays inadvertently became synchronized). This 
calibrator ís a steep-spectrum, unresolved source (class P in the 
VLA nomenclature) which lies 3.2? away from OJ 287. The 
subarrays had 13 and 14 antennas, selected to occupy alternate 
stations of the array so that the two subarrays had nearly- 
identical, interlocking spatial configurations. Each subarray also 


Table 1 Suggested periodicities in OJ 287 


Previously-reported harmonic amplitude (%) 
Period 


(min) 5GHz 15GHz 22 GHz 37 ОН2 Optical Ref. 
42.2 — — — — 2.2 6 
40.5 — — — — 4.0 4 
39.2 — — — — 0.6 3 
22.8 — — — — 2.8 6 
15.7 — — .5 0.5-5.0 D 7,8 
13.0 = = 0.4 D = 48 
12.0 — -- — — 0.6 6 

19.0-148.0 — — — — «0.15 5 
Upper limits from this work (96) 

Period 
(min) 5GHz 15GHz 22GHz 37GHz Optical Ref. 

1.3-83.3 «0.I «2.0 «0.8 — — — 





The symbol D signifies a reported detection at an unspecified level. 
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Fig. 1 Normalized flux densities of OJ 287 (a) and 0839 + 187 (5) 

obtained at 5 GHz by the VLA on 23-24 Mav 1983, combining 

the two subarrays and averaging the two polarizations. Artificial 

data consisting of an amplitude p=0.5% harmonic component 

with period 15.7 min superimposed on our actual data for OJ 287 
are shown in с. 
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made two short observations of 3C286 (assumed flux 7.41 Jy) 
to determine the flux scale, and two of OJ 287 in pointing mode 
to check the pointing of all the antennas. The observations took 
place in the afternoon, with scattered clouds and winds of 
«6ms !. The phase stability on the longest spacings (—2 km) 
was ~20° r.m.s. over 6 min; shorter baselines had significantly 
better phases. 

The visibility data for each subarray and polarization were 
corrected for the amplitude and phase gains of each antenna 
using the standard methods, as detailed below. Despite stringent 
standards, only a few data were edited out. By comparison with 
3C286 the flux of 0839+187 was found to be 0.943 Jy, with an 
internal agreement among antennas of better than 1%. The 
average flux of OJ 287 was 4.47 Jy. The amplitude gain of each 
antenna as a function of time was derived on the assumption 
that 0839 + 187 had a constant flux; these scan-averaged gains 
were applied to observations of both 0839-- 187 and OJ 287 by 
linear extrapolation over approximately 13 min. The phase gain 
of each antenna as a function of time was determined by assum- 
ing that each source was unresolved and calibrating each source 
on itself using visibility data vector-averaged over 20 s. A gain 
table with 1-min intervals was used in all cases. These procedures 
effectively eliminate systematic pointing errors, atmospheric 
attenuation, instrumental gain drifts and baseline errors as poss- 
ible causes of any apparent flux variations in OJ 287. 

The same program that solves for the gains (ANTSOL) was 
then used to extract the time behaviour of OJ 287. The code 
assumes that the flux S of OJ 287 is a constant, and solves for 
the amplitude gain of each antenna g;(t) required to adjust the 
visibility data to make this so. Since the visibilities were ampli- 
tude-calibrated for a nominal flux of 4.47 Jy, the resulting power 
gain g?(t) of each antenna measures the ratio [S(t)/4.47 Jy]; 
the normalization is such that a flux of 4.47 Jy yields a power 
gain of 1,000. This procedure was applied to both OJ 287 and 
the calibrator, using 40-s vector averages of the data. Errors in 
the gain calibration are expected to be associated almost exclus- 
ively with the individual antennas, so the degree of internal 
agreement among the fluxes determined from the different anten- 
nas, provides valuable information on the accuracy of the 
measurements. 

Bad data points were removed from the time series of each 
source by excluding those points which deviated from ‘pro- 
visional means’ by more than three ‘provisional standard devi- 
ations’. A provisional mean for each 40-s segment was found 
by averaging the 2/3 of the individual antenna data points 
nearest to their median, and the provisional standard deviation 
was computed from the 2/3 of the points nearest to it. Only 
1,809 of 12,167 data points were removed for OJ 287, and 1,721 
of 12,509 for 0839 + 187. The filtered data were re-scaled so that 
the overall average for each antenna was 1,000, and from these 
a mean flux and standard deviation of the mean were produced 
every 40 s for each subarray and polarization separately. Figure 
la and b shows the resulting flux histories of OJ 287 and 
0839 + 187 obtained by combining the two subarrays and averag- 
ing the two polarizations. The breaks occur where there were 
interruptions in the data-taking. For comparison, artificial data 
consisting of a 0.5%-amplitude sinusoidal component with 
period 15.7 min =943 s (similar to the variation reported at 
22 GHz by Valtaoja et al.” for the same day) added to our actual 
data for OJ 287 are shown in Fig. 1c. 

Errors in these fluxes can arise from numerous sources. The 
40-s polarization-averaged mean fluxes for the calibrator showed 
r.m.s. fluctuations of 0.2796 about the long-term average flux; 
as the thermal noise for each subarray for each 40-s mean is 
expected? to be —1.1 mJy, corresponding to 0.11% r.m.s. for 
0839+187, there were other sources of amplitude noise. This 
conclusion is supported by the fact that the fractional ‘noise’ 
for OJ 287 was nearly as great as for 0839 + 187 despite the fact 
that OJ 287 is a factor of five stronger. Our estimates of various 
sources of error in flux determination are summarized in Table 
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Fig. 2 Harmonic amplitudes of OJ 287 (a), 0839+ 187 (b), and 

the artificial data for OJ 287 (c), derived from the time series of 

Fig. 1, on a logarithmic scale. A conservative upper limit on 

harmonic variability of OJ 287 with periods between 80s and 
83 min is an amplitude of 0.1% of the mean. 


2. The pointing observations showed an array-averaged system- 
atic pointing error of roughly 18 arcs (root sum square of both 
axes), probably reflecting the well-known effect of sunlight on 
the antenna mounts. The pointing errors of the individual anten- 
nas varied about this mean with an r.m.s. of 23 arc s. While these 
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Fig.3 Harmonic amplitudes of OJ 287 at 15 GHz on 21 May 1983 

(a) and at 22 GHz on 17 March 1983 (5) on a logarithmic scale. 

Conservative upper limits to harmonic variability with periods 

between 80s and 83 min are amplitudes of 2% and 0.8% of the 
mean, respectively. 


errors slightly reduce the antenna gains (typically by 0.396), 
they are dominated by effects that vary over hours in time and 
radians on the sky; thus the resulting gain errors are almost 
totally removed by the calibration. We estimate that short time- 
scale (minutes) pointing errors, which cannot be corrected, were 
less than 15 arcs; numerical simulations show that at a mean 
offset of 18arcs from the beam axis these contribute r.m.s. 
amplitude fluctuations «0.1896 per antenna, or 0.0596 per sub- 
array. Assuming a l-km pathlength through a fair-weather 
cumulus cloud which covers an entire subarray for minutes, the 
resulting variations in opacity could give amplitude fluctuations 
as large as 0.2% per subarray"!. Rapid variations of atmospheric 
phase can erratically reduce apparent fluxes by decorrelation 
of the fringes; to reduce the flux measured by one antenna by 
0.1% requires a phase change of 9° over 20s, which seems 
implausible for our observing conditions. ‘Closure’ errors arise 
from limitations in the assumption that the gains are Strictly 
antenna-based; typical values are 1% in amplitude for each 
correlator. For the mean fluxes these errors should be reduced 
(by roughly the square root of the total number of correlators) 
to <0.1%. Rapidly varying errors in the antenna delays can also 
produce apparent amplitude fluctuations. Although not yet well 
understood, these variable delay errors are believed to be 
<0.3 ns, which, combined with constant delay offset errors of 
~1 ns, could result in a reduction of «0.396 in apparent flux 
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Magnitude of error 


One Subarray 
Source of error antenna of 12 

Thermal noise of system (2 pols, 40 s) 2.5 mJy 0.8 mJy 
As fraction of 0839+ 187 0.2796 0.08% 
As fraction of OJ 287 0.06% 0.02% 


Rapidly varying pointing errors (~15”) 0.2% 0.05% 
Opacity of a 1-km fair-weather cumulus 
cloud drifting over the whole array 0.2% 0.2% 


Phase winding within 20-s visibility 


averaging (at 10° per min) 0.01% 0.00% 
Correlator closure errors (1% iri 
amplitude) 0.296 0.0996 
Rapidly varying delay errors of «0.3 ns — «0.396 <0.09% 
Finite resolution of VLA AGC system <0.1% «0.0326 
ANTSOL printout accuracy 0.05% 0.01% 
Maximum root sum square error 
For 0839+ 187 0.54% 0.26% 
For OJ 287 0.47% 0.25% 





per antenna and <0.09% for a subarray. Finally, errors arising 
from the automatic gain control (AGC) system of the VLA and 
from certain approximations used in our reductions add a com- 
bined error that we estimate is <0.03% for each subarray flux 
measurement. We conclude that the precision of an individual 
40-s subarray flux measurement is limited by known random 
and systematic errors to ~0.3%, in good agreement with the 
calibrator observations. 

The time series for OJ 287 showed a decline of ~1.8% over 
the ~7 h of data. This change corresponds to a formal timescale 
of r= S/|dS/dt|- 16 days, a short but not atypical interval for 
actively variable sources. The more rapid ‘dip’ of ~0.5°. which 
occurred over ~15 min near t = 23.89 days has 7 « 2 days. These 
variations were seen in both circular polarizations of all antennas 
in both subarrays and appear highly significant in terms of the 
known errors. We feel, therefore, that these variations were real, 
but experience using the VLA to measure fluxes to an accuracy 
of <1% is as yet too limited to provide absolute certainty. 

Simple causality arguments which limit the size R of a source 
to R< ст/(1+ 2) may be combined with the angular size distance 
of OJ 287 (770 Mpc for z=0.306, Hy=75 km s^! Мрс'!, and 
qo = 0.5) to infer lower limits to the brightness temperature of 
1х10' К for a 1.8% change in 7h and 6x10" K for a 0.5% 
change in 15 min. If the part of the source which contributes 
the variable flux 65 is physically separate from that which 
provides the steady flux S, the brightness temperature of the 
varying region is increased by a factor as large as (S/ 8S), leading 
here to 6x 10" and 1x 102° K, respectively. Such extraordinary 
inferred brightness temperatures would seem to require either 
a coherent emission mechanism, unprecedented Doppler 
boosting, or strong centimetre-wavelength scattering. 

In order to search for periodic variations in the intensity of 
OJ 287, separate temporal spectra for each subarray and polariz- 
ation were constructed by discrete complex Fourier transform 
after subtraction of the means. A fast Fourier transform was 
not used in order that the data need not be binned. These spectra 
are sensitive to harmonic fluctuations with periods between 1 
data span (—7 h, corresponding to —4.0x 10° Hz) and twice 
the sample period (80s, corresponding to 1.25 x 10^ ^ Hz, the 
Nyquist frequency). The effects of the data window (artefacts 
and distortion due to the sampling of the data) were removed 
by performing a one-dimensional complex CLEAN deconvol- 
ution analogous to the (two-dimensional) technique widely used 
on aperture synthesis images (refs 12, 13 and D.H.R., J.L. and 
J.W.D., in preparation). Since half of the power in this spectrum 
occurs at negative frequencies, a pure harmonic signal with 
amplitude a fraction p of the mean appears as a spectral ampli- 
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tude of p/2 in the positive-frequency domain. However, for 
clarity we use the harmonic amplitude p in our discussion. 

The harmonic amplitudes for OJ 287 and 0839 + 187 are shown 
in Fig. 2a, b; these are derived from the averages of the separate 
CLEANed spectra of the two polarization-averaged subarrays. 
The Fourier spectrum of the artificial data of Fig. 1c shows the 
anticipated amplitude of p = 0.5% at the induced period of 943 s 
(Fig. 2c); this shows how easily we would have detected such 
a signal, even in the presence of the intrinsic, low-frequency, 
non-periodic fluctuations and the random amplitude noise. The 
spectrum of the calibrator has no peak above р = 0.03996. The 
spectrum of OJ 287 shows no peak near the previously reported 
period of 943s (1.00x10 ? Hz). Because the noise is not 
gaussian, and because the detectability of a signal depends on 
the sampling as well as the signal-to-noise ratio, it is not possible 
to give a simple criterion for the smallest detectable harmonic 
signal. Thus we determined upper limits by processing artificial 
data sets with decreasing harmonic amplitudes until the signal 
was lost. At 5 GHz this conservative limit is 0.196 of the mean. 

A significant broad component at the level p = 0.5396 is seen 
for OJ 287 in the lowest-frequency bins (4x 10 ?-1.5 x 107^ Hz), 
corresponding to periods between —2 and —7 h. This reflects 
the power in the nonperiodic fluctuations apparent in Fig. 1a. 
For 0839 + 187, such components (if present) should have been 
removed by the calibration; they appear in the spectrum (Fig. 
2b) at a level of only p=0.04%. 

Due to scheduling constraints, poor weather, computer 
failures, and severe instrumental problems only a limited number 
of useful data were obtained at higher frequencies. Observations 
at 15 GHz in the C-D array on 21 May 1983 yielded ~5h of 
rather poor data. At 22 GHz, 2.5 h of data were obtained in the 
C array on 17 March 1983. The resulting power spectra are 
shown in Fig. 3, from which we place conservative upper limits 
on periodic variability of OJ 287 at 15 and 22 GHz of 296 and 
0.8% respectively. With more time and better luck these figures 
could be substantially reduced. 

Our observations lend no support to the reports of periodic 
variability in OJ 287. At 22 GHz our upper limit for periodicity 
is substantially less than the reported ‘consistent’ ~2.5% ampli- 
tude variation found at Metsahovi during 1981 to 1983, but 
remains (barely) compatible with the 0.5% amplitude found on 
a single day with the 140-foot telescope at the National Radio 
Astronomy Observatory^?. This latter observation occurred 
simultaneously with our 5-GHz observations; if the periodic 
variation reported at 22 GHz is correct, then our upper limit 
implies that the spectrum of the varying component must rise 
remarkably steeply (о> +1.7 where $,oc v?) between 5 and 
22 GHz. Only prolonged flux monitoring of very high sensitivity 
and reliability can ultimately decide whether periodic variations 
occur in OJ 287. 
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Whipple’s’ icy conglomerate model for the cometary nucleus has 
had considerable success in explaining a variety of cometary 
phenomena such as gas production rates and nongravitational 
forces. However, as discussed here, both observational evidence 
and theoretical considerations suggest that the cometary nucleus 
may not be a well-consolidated single body, but may instead be a 
loosely bound agglomeration of smaller fragments, weakly bonded 
and subject to occasional or even frequent disruptive events. The 
proposed model is analogous to the ‘rubble pile’ model suggested 
for the larger main-belt asteroids?, although the larger cometary 
fragments are expected to be primordial condensations rather than 
collisionally derived debris as in the asteroid case. The concept of 
cometary nuclei as primordial rubble piles is proposed as a 
modification of the basic Whipple model, not as a replacement 
for it. 

The growing recognition of the importance of comets in 
understanding the origin of the Solar System has resulted in far 
more intensive study and observation of them in recent years. 
Observations made at greater heliocentric distances, at higher 
resolutions and with new techniques have occasionally produced 
results which cannot be easily explained with the conventional 
icy conglomerate or 'dirty snowball' model. Although Whipple 
did not specifically address the subject of the large-scale struc- 
ture of the cometary nucleus, a single, well-consolidated body 
was clearly implied. It is worthwhile to ask how the Whipple 
model could be modified in order to explain these new and 
different phenomena. 

Radar observations of comet IRAS-Araki-Alcock (IAA)? indi- 
cated that the nucleus was “very rough on a scale larger than 
the radar wavelength" (3.5 and 12.9 cm), that there was a sub- 
stantial departure from sphericity, and that 2596 of the radar 
cross-section came from a slowly expanding fan of debris around 
the nucleus. This last observation, in particular, suggests large 
particles (dimensions greater than the radar wavelength) break- 
ing free of the nucleus, despite the fact that such large particles 
are expected to be too heavy to be lifted off the nucleus surface 
by the low activity observed in IAA. The radar observations 
also showed evidence of ‘radar-bright’ features on the surface 
of the rotating nucleus, which might be interpreted as facets on 
a highly irregular surface topography. 

Additional observations give evidence for substantial, slow- 
moving debris clouds associated with cometary nuclei. Comet 
Bowell at large heliocentric distance showed a nearly constant 
coma with expansion velocity <1 s™!, and an absence of 
sub-millimetre particles^?. IRAS (Infrared Astronomy Satellite) 
images have revealed dense meteoroid streams in the orbits of 
some short-period comets®, an unexpected result because 
meteoroid streams were presumed to be too dispersed to be 
detectable with IRAS. Observations of disturbances in the solar 
wind from the Pioneer Venus spacecraft have been correlated 
with possible outgassing from a debris stream in the orbit of 
asteroid 2201 Oljato’, an Apollo asteroid which is a likely 
candidate for an extinct cometary nucleus. 

Whipple* has suggested that a pair of outbursts in comet 
P/Holmes may be the result of a grazing collision followed by 
impact of an orbiting nucleus satellite. Doublet or multiple 
craters on planetary surfaces? may be the result of cometary 
nuclei which disintegrated at the planet's Roche limit, or were 
already discrete ‘swarms’ of particles (or satellites) before they 
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Fig. 1 а, Conceptual illustration of the conventional (icy- 
conglomerate) cometary nucleus model showing a single, well- 
consolidated nucleus and some sublimation-related processes 
which may be acting on the nucleus surface. b, Conceptual illust- 
ration of the rubble-pile model showing a nucleus made up of 
many smaller fragments, weakly bonded by local melting at contact 
interfaces, and perhaps surrounded by orbiting debris. A range of 
surface processes somewhat different from those shown in a none- 
theless lead to similar observed phenomena from the comet. 


came within the planet’s sphere of influence!?, de Pater er аї!! 
found evidence for 'clumpy' OH emission in the coma of comet 
Halley, possibly indicative of multiple sublimation sources. 

These observations all suggest the existence of large fragments 
broken off the cometary nucleus, too large to be rapidly swept 
into different orbits by radiation pressure or Poynting- 
Robertson effects. The former process affects micrometre-size 
dust particles, the latter centimetre-size particles. Thus, the 
fragments appear to have dimensions ranging from tens of 
centimetres to perhaps hundreds of metres, and are either orbit- 
ing or co-moving with the cometary nuclei. 

The very weak gravity fields of cometary nuclei, with an escape 
velocity of the order of 2.2 m s^! for a 3-km-radius nucleus like 
that of Halley, are not expected to be able to retain large 
fragments in near-nucleus orbits. Differential keplerian motion 
should slowly disperse unbound large particles into different 
solar orbits. On the other hand, the large particles may behave 
according to the ‘fluidized bed’ model of Brin’, being briefly 
levitated off the nucleus by outbursts or spin-induced fragmen- 
tation, before settling back slowly in the very weak gravity field. 
The larger particles might even ‘bounce’ several times before 
coming to rest on the nucleus, perhaps mimicking the behaviour 
of the nucleus satellite suggested for P/ Holmes. 

Figure la is a conceptual illustration of ап icy-conglomerate 
cometary nucleus", showing some sublimation-related proces- 
ses which may be acting on the nucleus surface. The nucleus 
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is envisaged as а well-consolidated, irregularly shaped, 
heterogeneous mixture of ice and dust, rotating about some 
rapidly precessing axis as it loses material through a variety of 
surface processes. Figure 1b is a similar conceptual illustration 
of the icy-conglomerate rubble-pile model proposed here. 
Although many of the proposed surface processes are the same 
as in Еір. 1а, some of the others vary somewhat in detail; 
nevertheless, they will produce similar observed phenomena, 
and will perhaps aid in explaining some of the anomalous 
observations described above. 

One of the strongest arguments for the rubble-pile model 
comes from observations of cometary disruption events; that is, 
comet splitting. Observed statistics show that ~10% of dynami- 
cally new comets from the Oort cloud split on their first return, 
compared with ~4% of all long-period comets, and only about 
1% of short-period comets'*. The disruption events appear to 
occur randomly with respect to time of perihelion, heliocentric 
distance and distance from the ecliptic plane. It appears that 
disruption is associated with some intrinsic instability within 
the nucleus, so that comets which are likely to split do so rather 
rapidly, while those disinclined to split are able to survive for 
many returns, as is necessary if they are to evolve dynamically 
to short-period orbits. 

Observations of splitting events shows that they typically 
involve small fragments (compared with the total nucleus 
dimensions) breaking off from the main nucleus, and that mul- 
tiple fragments are occasionally produced’>. Comet West in 1976 
was one of the best examples of this, ejecting three subfragments 
near perihelion, two of which persisted for 5 months or more. 
The separation velocities of the fragments are typically very 
small, on the order of 1 m s^ ' or less, and outbursts are frequently 
associated with the splitting event. 

It seems logical that disruption events may result from the 
breaking-free of weakly bonded fragments from the nucleus as 
the comet approaches the Sun and the thermal wave penetrates 
to volatile ices at fragment interfaces. Depending on the exact 
nature of the nucleus, its composition and its past thermal 
evolution, the solar energy may penetrate either rapidly or 
slowly, resulting in largely random observed times for disruption 
events relative to perihelion. 

Also, the changing moments of inertia of the nucleus as 
material is lost asymmetrically from its surface will result in 
rapid precession of the rotation axis, centrifugally stressing 
fragment bonds that may not have been stressed on an earlier 
apparition, or even earlier in the same perihelion passage. 

Is the primordial rubble-pile model consistent with the gen- 
erally accepted picture of cometary origin? Comets are believed 
to have formed as icy planetesimals in the outer planetary 
region", certainly іп the Uranus- Neptune zone", and prob- 
ably also in an extended solar accretion disk extending out to 
hundreds of AU or тоге!?. Greenberg et al. have recently 
reviewed the topic??. 

In the basic model, icy grains settle to the equatorial plane 
of the protosolar nebula. Larger grains settle more rapidly and 
grow as they settle, reaching sizes of up to tens of metres?! by 
the time they arrive at the central plane. Some additional growth 
may occur before the density of material in the plane becomes 
high enough to result in gravitational instabilities??, which force 
the disk to disintegrate into many bodies with typical dimensions 
of 1-10 km. 

Some authors have suggested that comets formed at larger 
solar distances, in subfragments of the protosolar nebula or 
perhaps even pre-solar interstellar clouds”, Although the low 
densities in interstellar clouds would seem to preclude this idea, 
what follows would be just as true for those models as for the 
nebula-accretion-disk hypothesis described above. 

The accretion and collapse occur at low velocity, as no large 
bodies have yet grown in the accretion disk to stir up the 
velocities of the nebular condensates and/or planetesimals. The 
total gravitational potential energy for assembling a 3-km-radius 


m LETTERS TO NATURE 





comet from infinity is 1.5 x 10^ erg g^', not enough to raise the 
mean temperature of the nucleus by 0.01 K. 

Low-velocity collisions between fragments are likely to result 
in some local crushing and melting at the contact surfaces, 
helping to form a bond at these points, but are unlikely to 
destroy the individual structure of the fragments. The resulting 
nucleus would have substantial voids between fragments, and 
would preserve the great range of fragment sizes. 

Storage at large solar distance in the Oort cloud”, the lack 
of substantial internal heat sources, and the very weak com- 
etary gravity field would probably result in little change in this 
nucieus structure over the history of the Solar System. The comet 
would be too cold and too small for any substantial mass 
migration. 

In many ways the proposed model reflects on a macroscopic 
scale the proposed microscopic model of Daniels and Hughes”, 

.in which the nucleus is a heterogeneous aggregate of ice and 
dust grains with substantial voids. That model has also been 
scaled up? to give an aggregate model for cometary nuclei very 
similar to the rubble-pile model proposed here. There is also 
some similarity with an earlier comet model by O’Dell?°, 
although he emphasized the possibility that comets might be 
gravitationally bound collections of nonvolatile cores with vol- 
atile coatings acquired at large solar distance. The view 
expressed here is that comets are agglomerations of smaller 
icy-conglomerate bodies, weakly bound by local melting at 
contact surfaces. 

The question arises as to whether the spacecraft flybys of 
comet Halley in March 1986 will be able to discriminate between 
the conventional nucleus model and the rubble-pile model pro- 
posed here. Even with high-resolution imaging, the rubble-pile 
nature of the nucleus may be hidden by the collection of com- 
etary debris near contact interfaces, hiding the true nucleus 
structure. 

The resolution of the narrow-angle cameras of the spacecraft 
Vega 1 and 2 at 10^ km distance is expected to be 400 m per 
line pair, able to discriminate only the gross structure of the 
nucleus. It is likely that the Halley nucleus may still appear 
rough at this scale, but individual nucleus fragments with typical 
dimensions of tens of metres could not be resolved. (The option 
to send Vega 2 to a closer flyby distance may make resolution 
of large fragments possible.) 

On the other hand, the Giotto spacecraft is targeted for a 
500-km flyby with an expected camera resolution of 10 m. This 
certaintly might be able to discriminate individual subfragments 
of the Halley nucleus. But if Halley is actively ejecting subfrag- 
ments of metre or even centimetre size, in greater quantity than 
would be expected from extrapolating our knowledge of 
micrometre-size particles to the centimetre or greater size range, 
then it is unlikely that Giotto will survive to reach its minimum 
approach distance. 
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We have just completed a series of determinations of the 
CH;D/CH, ratio in the atmospheres of Saturn!?, Titan** and 
Uranus'?. These results, coupled with the work of other inves- 
tigators, suggest that the Solar System contains at least two 
distinctly different primordia! reservoirs of deuterium: that con- 
tained in gaseous hydrogen and that contained in the volatiles 
which have been maintained at low temperatures or isolated from 
hydrogen; for example, trapped in cold, solid material. Both of 
these reservoirs were established before the formation of the Solar 
System. 

Figure 1 summarizes the D/H ratios observed in the methane 
component of the atmospheres of each of the outer planets and 
Titan. The values shown are derived from measurements of the 
CH,D/CH, ratio according to stoichiometry: Р/Н = 
1/4[CH;D/CH,]. All of our work used the Зу; overtone band 
near 1.6 jum observed with the Fourier transform spectrometer 
on the 4-m telescope at Kitt Peak National Observatory!?. We 
have supplemented our results with the average equivalent value 
of D/H in methane for Jupiter derived from ground-based 
(D/H = (3.6+0.6)х1075) (refs 6, 7) and Voyager (D/H= 
(3.7 x 1.8) x 1075) (refs 8, 9) observations of the v, and v, funda- 
mental vibration bands of CH4D in the 5- and 10-ym windows, 
respectively. The value of D/H in methane for Saturn is the 
mean of our determination (D/H = (1.7312) x 1075) and that 
derived from analysis of the Voyager spectra (D/H = (2.2*!4) x 
1075 at 8.6 рт (ref. 10)). This good agreement between the 
ground-based and spacecraft observations and the excellent 
internal consistency among the results obtained by different 
observers using different bands, both in emission and absorption, 
adds to our confidence in the D/H values displayed in Fig. 1. 
The error bars shown there are our best estimate of the maximum 
ranges associated with each value and correspond to between 
+2 and +3 standard deviations (s.d). 

The largest reservoir of deuterium in the Solar System consists 
of the deuterium in gaseous hydrogen that has been preserved 
in an unaltered state since the formation of the solar system. 
The value of D/H in this reservoir should be close to 2x 1075, 
the value deduced for the primordial solar nebula from studies 
of ?He in meteorites and the solar wind!!-!^, This is indeed the 
value deduced from the average of the measurements of D/H 
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Fig. 1 Stoichiometric D/H ratios in the methane component of 
the atmospheres of Jupiter, Saturn, Uranus and Titan (D/H = 
1/4[CH;D/CH,]). The values for Uranus and Titan are taken 
from our analysis of СН; in their spectra at 1.6 uum (refs 1, 3, 
4); Saturn’s value is a mean of our value! and that derived from 
the Voyager observations!°; Jupiter's value is a mean of ground- 
based?" and Voyager?? results. See text for a discussion of the 
fractionation factor needed to relate thse values to equilibrium 
D/H in the hydrogen component. For comparison, the value for 
Standard Mean Ocean Water (SMOW) is presented along with 
recent estimates for the interstellar medium?! (ISM), and the 
primitive solar nebula''-'* (Protosolar). 


in methane in the atmospheres of Jupiter and Saturn, where it 
is mixed with a nearly cosmic abundance of warm hydrogen gas. 

To measure this value directly, a small correction must first 
be applied to the D/H ratio given in Fig. 1, to account for 
deuterium fractionation between the hydrogen and methane. 
Fractionation leads to a slight enrichment of deuterium in 
methane over that in the hydrogen reservoir according to a series 
of exchange reactions summarized by: 


CH,+ HD = CH;D-- H5 (1) 


Beer and Taylor'? considered this problem in detail for Jupiter 
and found that the internal temperatures and rates of convection 
are high enough to support equilibrium in this exchange 
sequence. They estimated that the D/H ratio in methane should 
be enhanced relative to that in hydrogen by a factor of 1.37 (ref. 
15). Homologous arguments lead to a similar result for Saturn. 
Application of this correction factor to the mean D/H ratio in 
methane on Jupiter and Saturn, 3.0x 107°, yields a D/H ratio 
in gaseous hydrogen of 2.2 x 1075, in excellent accord with the 
3He results. 

Current estimates of the present-day abundances of H, and 
HD in the Jupiter and Saturn atmospheres!"-?? are not consistent 
with this fractionation picture. The published D/H ratios are 
near 5x10 5, and recent work suggests that these numbers 
should be closer to 10 ^ (W. H. Smith, personal communication). 
Possible causes for the discrepancy may include the underesti- 
mation of the effects of scattering processes which affect the 
very weak («1 mA) lines of HD and the presence of very weak 
methane absorption in the same spectral region. We favour the 
value for D/H in the hydrogen component of these atmospheres 
that is deduced from measurements of CH,D, as this value is 
in good agreement with the primordial D/H ratio estimated 
from ?He and thus provides a more consistent picture of the 
reservoir of deuterium in the protosolar gaseous hydrogen. A 
protosolar value of D/H near 1074 also seems to be incompatible 
with standard models of galactic evolution that must convert 
this ratio to the present local interstellar medium value of 
(120.5) x 10? in 4.55 х 10? уг2021, 
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The second, much smaller reservoir of deuterium consists of 
deuterium in volatiles that were trapped in or frozen onto the 
cold, solid materials in the protosolar nebula, without ever 
reaching temperatures above 450 K. This temperature is the 
lower limit required for the reactions represented by equation 
(1) to reach equilibrium in 4.55 x 10? yr. This reservoir is rep- 
resented in the outer Solar System by unequilibrated gases 
derived from these solids. The methane in the atmosphere of 
Titan provides a good example. Our value of D/H in methane 
for Titan, D/H = (1.651585) x 1074, is in good agreement with 
the revised value of —2x 10 ^ obtained by Kim and Caldwell 
(ref. 22 and personal communication) from an analysis of the 
8.6-um CH3D band in Voyager spectra. (The revision is required 
by corrections to the temperature-pressure profile of Titan's 
atmosphere and new broadening coefficients for the v, band of 
CH3;D.) The difference between D/H in methane on Titan and 
on Jupiter appears to be significant at the level of 2-3 s.d. The 
Titan value is similar to that found in the terrestrial oceans (Fig. 
1) and in the hydrogen-containing compounds in meteorites''. 

A thorough analysis of the possible processes that could 
enhance the D/H ratio in methane on Titan subsequent to the 
satellite’s formation? suggests to us that the observed deuterium 
enrichment predates Titan’s origin. In this analysis, Pinto er al. 
found the maximum enrichment factor to lie between 1.7 and 
4.4. The high values depend on isotope exchange between 
methane and hydrogen promoted by a hypothetical catalysis 
which requires metallic grains in the proto-Saturnian nebula at 
a temperature near 500 К. In the absence of this unlikely process 
(neither the high temperatures nor the bare metallic grains are 
very probable in this environment), the maximum enrichment 
is 2.2, caused primarily by dissociation of methane and escape 
of hydrogen from Titan”. It thus appears that the enhancement 
of Titan's D/H ratio by a factor of 8*5 relative to the primordial, 
solar-nebula value is significantly larger than can be expected 
from processes acting during or after formation of the satellite. 

The upper limit of 196 on the neon abundance in Titan's 
atmosphere set by the Voyager observations"? indicates that the 
atmosphere is secondary, not captured?. Consequently, the 
deuterium-enriched methane must have been outgassed from 
the solids, primarily the ices, in the satellite's interior. Thus, 
within a factor of —2, the D/H ratio in Titan's methane must 
correspond to the D/H ratio in the cold methane gas and 
methane already trapped in solid materials in the protosolar 
nebula from which the satellite accreted. It respresents a reser- 
voir of primordial deuterium that is distinctly different from the 
reservoir characterized by the methane in the atmospheres of 
Jupiter and Saturn. The methane on these giant planets has 
equilibrated with warm atmospheric hydrogen after the forma- 
tion of these bodies, but evidently this equilibration never occur- 
red during the formation of Titan. We suggest that the high 
enrichment found in Titan's methane was caused by ion- 
molecule reactions in the interstellar medium before the forma- 
tion of the solar system. Such reactions proceed rapidly even 
at low temperatures and are known to produce even higher 
enrichments in some molecules?*7, 

This second reservoir of deuterium may also exist in the cores 
of all the outer planets, which similarly formed out of the 
rock-ice component of the protosolar nebula. Additional 
evidence for it may be found in the atmospheres of Uranus and 
Neptune, where, in contrast to Jupiter and Saturn, the outgassed 
deuterium-enriched methane would not be so diluted by frac- 
tionation equilibrium with the hydrogen envelope?*. The value 
of D/H in methane, D/H —9*2 x 10 ^, derived for the atmos- 
phere of Uranus, is a factor of 4.5253 higher than the nominal 
D/H ratio ascribed to the gaseous hydrogen reservoir, and the 
only plausible process which can explain this enhancement is 
the outgassing of methane from a deuterium-enriched rock-ice 
core. Within the uncertainties we cannot distinguish this value 
from that found on Titan, although our preferred values suggest 
that enhancement of the D/H ratio in methane may he slightly 
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less on Uranus. This would indeed be expected in the absence 
of comparable hydrogen escape, or from partial dilution through 
exchange with atmospheric hydrogen. 

As was true for Jupiter and Saturn, the existing observations 
of the HD/H, ratio in the uranian atmosphere!"-1??? are too 
uncertain to provide an independent evaluation of D/H in the 
atmospheric hydrogen. It seems unlikely, however, that fraction- 
ation equilibrium (equation (1)) could have produced a measur- 
able increase in the D/H ratio in the atmospheric hydrogen of 
Uranus compared with the primordia! hydrogen reservoir, 
because the methane mixing ratio is only 0.01-0.1 (ref. 30). But 
a substantial enrichment of deuterium in the hydrogen com- 
ponent would result if much of the hydrogen itself is actually 
secondary, coming from the dissociation of methane. In this 
case the atmosphere would be deficient in helium, but might be 
enriched in N;. The Voyager 2 encounter in January 1986 should 
test these latter consequences. 

In either case, the enhancement of the D/H ratio in the 
atmospheric methane on Uranus is independent evidence of a 
second reservoir of deuterium in the protosolar nebula, which 
is distinct from the gaseous hydrogen reservoir and enriched by 
a factor of ~ 10. It also supports core-accretion models for outer 
planet formation. In their comprehensive review of deuterium 
enrichment in the Solar System, Geiss and Reeves! found that 
the available evidence was inadequate to determine whether the 
observed enrichments occurred before or after Solar System 
formation. Our new data strongly support enrichment in the 
interstellar medium before formation of the solar nebula. A 
further test of this conclusion will come from the observation 
of deuterium in comets. Based on the scenario outlined here, 
we predict D/H ratios near 10~* in the major hydrogen-bearing 
volatiles subliming from a cometary nucleus, values that are 
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2.5 х 1072 lower than the current upper limit reported by A'Hearn 
et al?' for OD/OH. Observations of comet Halley now underway 
both from the ground and from spacecraft may provide this test. 

We thank Drs Yuk Yung and Hubert Reeves for discussions. 
This research was partially supported by NASA grants NSG 
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The long-lived, naturally occurring radionuclide !8?Ве is important 
in geochemistry and cosmology as a nucleochronometer. Until now 
there have been no direct laboratory measurements which have 
avoided the difficulties of both low-energy B-counting and depen- 
dence on radiometric ages of rocks and meteorites. We report here 
a half-life of (4.35+ 0.13) x 1019 yr, based on the growth of '*'Os 
over a 4-yr period into a large source of osmium-free rhenium. 
Since our result agrees with the best geochemically determined 
values, no significant revision of the present galactic age limits 
based on the geochemical values is necessary. The agreement at 
the 5% level of the decay rates determined on laboratory and 
meteorite-age timescales places a tight constraint on cosmological 
models in which fundamental ‘constants’ are allowed to vary. In 
particular, the fine-structure constant, a, must have changed by 
less than one part in 10° over the past 4.5 x 10? yr. 
Geochemists! and astrophysicists? have recognized that the 
isobaric pair '*’Re-'*’Os could provide terrestrial, Solar System 
and cosmic chronologies. For these, the '*’Re half-life is a 
necessary parameter. Recent determinations, which indicate a 
probable value of ~4х 10: yr, rely on accepted ages for 
meteorites and rocks. Analysis of molybdenites of known age 


by Hirt et al? yielded an average of (4.30.5) x 1019 yr. With 
similar techniques applied to meteorites, Luck and Allégre* 
deduced a half-life of (4.56+0.12) x 10:0 yr. Naldrett? deter- 
mined a half-life of (3.5 +0.4) x 10! yr by counting the Й-раг- 
ticles emitted from a known quantity of a pure rhenium com- 
pound dissolved in a liquid scintillator. His value is significantly 
lower than the’ geological’ and meteoritic values. The results 
from these different experiments need not agree, since the count- 
ing experiment does not detect decays to the bound states of 
the daughter !8705. However, the half-life from the counting 
experiment should be larger, rather than smaller, than that 
determined from rocks or meteorites. 

Our investigation determined the sum of the B-decays of ®’Re 
to the bound and unbound states of !'Os by measuring the 
growth of '®’Os atoms in a series of 100-g sources of osmium-free 
perrhenic acid (HReO,) solution. Each source differed only in 
the time interval allowed before osmium removal and measure- 
ment. Traces of residual osmium were first removed from 1 kg 
of concentrated perrhenic acid by exhaustive reflux-distillation. 
Thus the initial 5"Os/HReO, ratio of 5x 107% was reduced to 
7x10 **. 

The rhenium was ‘spiked’ with independent gravimetrically 
prepared solutions of isotopically enriched 19905 (98%) and 
1920s (99%). The rhenium solution was then frozen at —65 °С 
for about 2 yr, thawed at —35 °C just long enough to remove a 
10% aliquot, and refrozen. Osmium was then distilled from the 
aliquot, purified, and concentrated for isotopic analysis. The 
thawing and sampling cycle was repeated on the perrhenic acid 
three times over a 1.5-yr interval following the first sampling. 
Thus, a single kilogram of rhenium provided a series of !%7Ов 
growth points relative to the two independent ‘spikes’. Since the 
87Re/ Os and !97Қе/!9205 ratios were fixed by the spike 
additions at the onset of growth, we needed only to determine 
the rate of change of the 18705/ 005 and '*’70s/'°*Os ratios in 
the rhenium solution from the isotopic analyses of the osmium 
samples. 
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Table 1 Osmium isotope ratios from perrhenic acid source* Ы 
Growth va 
Sample time 18705/19905 18705/19205 180 а 
по. (days) LAMMAT ICP-MS} ГАММА? ICP-MS} 3 
1 670 1.360 + 1.3594 L.418+ 1.281 & 9 
0.018 0.013 0.019 0.014 Е 
28 691 1.387 + 1.405 + 1.445 + 1.481 + 
0.022 0.011 0.021 0.016 84 
3 383 1.672 1.682 t 1750+ 1.761+ 
0.021 0.015 0.022 0.016 6 
4 1,236 2.177 + 2.178 + 2.258 + 2.290-- 1 
0.054 0.027 0.047 0.034 
100 150 200 250 300 
Channel no. 


* Uncertainties expressed as 1 s.d. 

t Corrected for isobaric interferences and estimated mass bias, with 
no uncertainty added. Additional systematic uncertainties of 1.5% for 
187/190 and +1.8% for 187/192 should be assigned for these corrections. 

+ Corrected for mass bias and for contamination with natural osmium. 
Uncertainties in these corrections have been included. 

§ Correction of (2.50+ 0.25)% applied for "Os content of radioactive 
1850s tracer added in this sample. 


In order to monitor chemical yields in one of our samples, 
we added '05 radioactive tracer, made by bombarding tungsten 
with 65-Mev a-particles. Since the bombardment produced a 
spectrum of stable osmium isotopes, which we measured 
: independently$, a small correction was made for the !5"Os intro- 
duced into the sample with the !55Os (see Table 1). 

Osmium isotopic analyses were performed with two different 
types of mass spectrometer: a laser microprobe mass analyser 
(LAMMA), which combines a pulsed-laser ablation ion source 
with a time-of-flight mass spectrometer’, and an inductively 
coupled plasma mass spectrometer (ICP-MS), which uses an 
RF-excited argon plasma torch as the ion source for a quad- 
rupole mass spectrometer’. 

The LAMMA has high sensitivity but it has two limitations”. 
The first is a low threshold for saturation effects in the detector, 
the second the imprecision of the waveform digitizer in the 
detector system. These effects limit the ultimate precision of 
LAMMA isotope ratios. However, we were able to obtain mass 
abundance ratios with a standard deviation of ~1% by accumu- 
lating large numbers (~100) of individual spectra, performing 
channel-by-channel summation of all spectra and-taking ratios 
of the resulting summed peak areas. Corrections for molecular- 
ion contributions and uncertain mass-bias effects!? increase the 
uncertainty by another estimated 1-296. 

Figure 1 shows the summation of 100 selected LAMMA 
spectra of the osmium sample isolated from the first 100 g of 
rhenium. Apart from small amounts of platinum (masses 194 
to 196), and an even lower level of molecular-ion contaminants, 
the three expected osmium peaks stand out clearly. Significantly, 
the ‘signal’ at mass 185 is the smallest of any shown in Fig. 1. 
Interpreted as !85Бе, this implies that no more than a few parts 
in 10? of the parent rhenium aliquot were carried into the final 
osmium sample. 

In contrast, the ICP-MS was somewhat less sensitive than 
LAMMA, even with the osmium response strongly enhanced 
by introduction of the osmium as the tetroxide vapour into the 
argon torch''. However, the combination of ion counting and 
mass scanning over a relatively stable osmium ion beam, essen- 
tially free of isobaric interferences, resulted in mass spectra of 
better quality than those from LAMMA. Mass fractionation was 
substantial (~1.8% per mass unit), but it was determined with 
adequate precision by bracketing each run with natural osmium 
isotopic standards. For the isotopic abundances of natural 
osmium, we used the values reported by Nier'?. 

Isotope ratio data from both techniques are given in Table 1. 
Although two of the four ICP-MS measurements showed instru- 
mental contamination with natural osmium, we used a two- 


Fig. 1 Mass spectrum of osmium region; ГАММА data. The 


osmium sample was isolated from 100 g of perrhenic acid after a 
growth period of nearly 2 yr. 


18705/1990$ ratio 





9 500 1009 1500 
Growth time (days) 


Fig.2 Time dependence of the '®’Os/!°°Os ratio; ICP-MS data. 
The dotted line is the least-squares fit. 


component analysis to determine the experimental osmium com- 
position. Figure 2 shows the time dependence of the isotope 
ratio '®7Qs/!°°Os for the ICP-MS data. The dotted line is the 
least-squares fit. The non-zero intercept indicates that ~8 ng of 
18705 had not been removed before the onset of growth. The 
slope of the least-squares-fit line in Fig. 2 determines the half-life 
from the expression 
(54%) In2 
hi2 = | 1909s) line slope 

in which "Re and 1905 are derived from the gravimetric 
standardizations of the solutions. Similarly, independent half- 
life determinations on LAMMA and ICP-MS were made from 
the 19206 spike. These results are summarized in Table 2. 

We find a 3-496 systematic difference between the measured 
(15905/19205) ratios and the values calculated from the 


Table2 '*"Re half-life values (1019 yr) 





Method 1900s spike 1920s spike 
LAMMA 4.27 x 0.23 4.44 x 0.24 
ICP-MS 4.29 x 0.19 4.41: 0.21 


The weighted average value is (4.35:-0,13) x 10' yr. 


gravimetric data for the standard solutions of '°Os and !%205. 
However, X-ray fluorescence analyses of both solutions confirm 
the absolute values of the gravimetric determinations within the 
current 5% uncertainty of the X-ray method (F. Bazan, personal 
communication). 

Our half-life value agrees with that of Hirt et al? and is only 
slightly lower than the determination of Luck and Allégre*. The 
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agreement at the (5+6)% level (estimated 95% confidence 
interval) of the meteoritic half-life value and our laboratory 
determination can be used to place limits on the possible vari- 
ation of the fine-structure constant a, predicted by some cosmo- 
logical models”. Following Dyson" , we calculate the average 
rate of change over the past 4.55 x 10? yr to be 


(5 -(-1:%2)х10715 yr? 


Due to the small decay energy of '®’Re, these are the tightest 
limits on the possible variation of a currently allowed by analysis 
of B-decay data. However, much tighter limits (|à/o|« 
10717 уг”! (ref. 15) and lá/a| «2x 10715 yr^! (ref. 16)) over the 
` past2x 10? yr have been claimed from analysis of '“°Sm neutron- 
capture depletion in the Oklo natural reactor. 

With regard to the question of the age of the elements, our 
half-life value is so close to the one assumed by Clayton? that 
his proposed age limits for galactic nucleosynthesis (11-18 x 
10? yr) are still valid. 

We thank Dr Barry Berman for pointing out the need for an 
accurate half-life value for "Re in geochemistry and cosmology, 
and for many discussions in the early stages of this work. We 
also thank Professor D. D. Clayton for encouragement, Dr G. 
B. Hudson for discussions on cosmological implications, and 
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Atmospheric carbon dioxide (CO;) levels before the industrial 
revolution were ~260-280 p.p.m.v. (parts per 10° by volume) as 
determined from studies of air trapped in ice'?. We report here 
similar results, using Antarctic ice, for the CO, levels during the 
seventeenth and eighteenth centuries, which suggest an average 
concentration of 281 (standard deviation o — 7) p.p.m.v. The data 
constrain the net release of bios spheric carbon to the atmosphere 
over the past 200 yr, (о ~5 x 10^ tonnes of carbon, mostly during 
1850-1900. Measurements of ‘two other ‘greenhouse’ gases, 
methane (CH4) and nitrous oxide (N20), show increases of about 
90 and 8% respectively since 1600. This CH, increase is similar 
to the recently reported? $ doubling over the same period, and the 
М№,О increase, the first direct evidence of historical changes in 
N50, is consistent with releases due to expanding anthropogenic 
combustion processes’. 
The ice core (BHD) used was thermally drilled to a depth of 
: 473 m near the summit of Law Dome, Antarctica (66?43' S, 
112°50' Е; 1,375 m) by the Australian National Antarctic 
Research Expedition in 1977. High precipitation rates 
(0.65 m yr‘), lack of melting at the firn surface (annual average 
temperature — —22 *C), a simple flow regime and small snow 
dunes all combine to make Law Dome an ideal location for 
ice-gas composition studies. Although accurate ice dating (+2 yr 
at 1912, +6 yr at 1850) has been achieved using oxygen isotope 
stratigraphy?, the age of the ice is not the same as that of the 
occluded air bubbles. However, using recently reported relation- 
ships between date of occlusion and ice density for a similar 
site’, the ice is deduced to be 67 yr older than the enclosed air 


with 8096 of the gas being trapped over the relatively short 
period of 13 yr. 

А complete description of gas extraction and analysis methods 
used in this study will be given elsewhere. Briefly, a dry extrac- 
tion technique was developed to crush defect-free and trimmed 
(0.5-5 cm) core samples (0.5-1.4 kg) to fine powder in —4 min 
at —80 °C, releasing approximately 90 cm? of air per kg at STP. 
The released air was dried (—100 °C) and condensed into stain- 
less steel traps at liquid helium. temperature. The latter were 
warmed and agitated for 24h to ensure uniform mixing. Gas 
chromatography was used to determine CO, and СН; concen- 
trations to precisions of 0.5 p.p.m.v. and 10 p.p.b.v. (parts per 
10? by volume) respectively using flame-ionization detection, 
and N,O to 2p.p.b.v. using electron-capture detection. To 
demonstrate whether the technique affected trace gas concen- 
trations in air released from ice, air of known composition was 
exposed to freshly crushed, evacuated ice, and theri re-analysed. 
CO, and МО concentrations were retrieved to within 0.5%, 
with no bias, while returned CH, concentrations averaged 
20 p.p.b.v. or 1.5% high. The CH, data reported here are correc- 
ted for this effect. A similar test, involving the crushing of small 
ice samples (15 g) in the presence of air of known composition, 
showed similar results for CO; and N,O, but substantial CH, 
enhancement. The data represent averages of 1-4 chromato- 
graphic analyses. 

A total of 75 core samples were crushed and analysed, 
although due to the availability of the equipment, not all three 
gases were measured on all samples. There were 44, 69 and 74 
samples measured for МО, CH, and CO, respectively. On 
examination of the data, it was found that sections of the core, 
exhibiting visible evidence of post-coring melting (PCM), 
yielded concentrations that were variable and significantly lower 
than average for CO, and N,O and higher for CH,. For NO, 
samples exhibiting severe signs of PCM were rejected, leaving 
27, with a further sample removed because its concentration 
was 100 p.p.b.v. less than the average of all the remaining selec- 
ted data (average 295; с = 12 p.p.b.v.). For CH,, 44 samples 
survived the PCM examination; two of the remaining samples 
yielded CH, concentrations 450 and 570 p.p.b.v. higher than the 
average рге-1920 data (1,115; с = 116 p.p.m.v.), and were there- 
fore rejected. While extremely low CO; concentrations were 
related to extremes of PCM, it appeared that CO, variability 
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Fig. 1 Historical record of atmospheric МО, CH, and 
CO, concentrations based on measurements of airtrapped 
in the BHD ice core from Law Dome, Antarctica (8). a, 
Solid line, modern data for the South Pole, 1976-79 (ref. 
7), and from Cape Grim, Tasmania, 1978-84 (ref. 14). 
Dashed line, a global tropospheric average concentration 
for a model incorporating constant non-combustion and 
growing combustion sources of МО (ref. 7). Model and 
South Pole data reported by Weiss’ are increased by 2% 
to agree with Cape Grim data. МО data are relative to 
secondary standards! provided by R. A. Rasmussen, 
multiplied by 0.92 to convert to absolute concentration. 
b, Measurements made after elimination of CH, enhance- 
ment due to metal-metal friction (Ж). The other data (8) 
are believed to require correction downwards by 
7400 p.p.b.v. in the fifteenth to sixteenth centuries, the 
correction decreasing to negligible amounts for modern 
samples (see text). Modern data are from Cape Grim, 
1978-84 (solid line) (refs 16, 17), and from the Northern 890 
Hemisphere, 1965-81 (dashed line) (ref. 18). Data from 
other studies (A, ref. 4; O, ref. 5; and O, ref. 6) are 
included for comparison. Dotted line, a global tropos- 
pheric average concentration from a model incorporating 
constant natural and growing anthropogenic sources of 
CH,, and decreasing levels of atmospheric OH (ref. 11). 
CH, data are relative to NBS standards through Ras- 
mussen secondary standards", с, Solid line, modern data 
for the Mauna Loa Observatory'?. Data from other ice 
studies, (A, ref. 1; O, ref. 2) are included for comparison. 
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was associated with subtle and less easily quantified evidence 
of PCM. Thus for CO,, a datum was selected if its concentration 
was within 7 p.p.m.v. of at least one other sample of comparable 
age (+5 yr). This criterion resulted in the selection of 42 samples, 
30 of which showed little or no evidence of PCM. The remaining 
12 had more than 2 cm of outer ice removed before crushing 
and this may have explained their apparent independence of 
PCM. 

The selected МО data are shown in Fig. 1a. The ice data for 
recent times agree with modern measurements and a linear 
regression of the whole record shows that concentrations have 
increased by 6 (a — 2) p.p.b.v. per 100 yr over the past 300 yr. 
This is the first evidence of changing atmospheric МО levels 
on this timescale. The current trend of 0.5-1.8 p.p.b.v. yr^! (refs 
7, 10) is not characteristic of the 400-yr ice record. N5O averaged 
289 (с--10) p.p.b.v. between 1600 and 1800 compared with 
modern Southern Hemisphere values of about 310 p.p.b.v. A 
similar pre-industrial concentration was deduced by Weiss’ 
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(Fig. 1a) using a combustion source model to fit modern NO 
concentrations and their rate of change with time. 

The selected CH, data are shown in Fig. 15, together with 
results from other ice studies. Again, there is reasonable agree- 
ment between modern measurements and the recent ice core 
records. The new data suggest that atmospheric CH, levels over 
the period 1600-1900 averaged 1,115 (с = 116) p.p.b.v., 40% 
lower than current concentrations, with the most significant 
changes occurring during this century. The results are in contrast 
to other studies which showed that CH, concentrations have 
doubled since the seventeenth century or earlier "^, with a rapid 
rise starting in the early nineteenth century. This discrepancy 
led us to investigate and demonstrate the production of CH, in 
our apparatus by frictional contact between metal surfaces, as 
has been observed elsewhere. Subsequent analyses of a further 
five core samples (see Fig. 1b), with this friction eliminated 
during ice crushing, show good agreement with other studies. 
These limited results suggest that CH, production is greater with 
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old ice than with more modern ice. The calibration tests involv- 
ing ice crushing showed that for gas samples of low CH, con- 
centration (~700 p.p.b.v.), the contamination was significant 
(~400 p.p.b.v.). At higher concentrations (1,800 p.p.b.v.) the 
CH, enhancement was significantly less. Thus, metal-to-metal 
friction in our apparatus has enhanced CH, concentrations 
observed in ice-cores containing fifteenth to sixteenth century 
air by ~400 p.p.b.v., while the effect on modern air samples has 
been negligible. Correcting for this effect would bring our CH, 
data into approximate agreement with previous studies, but the 
variability in our data caused by variations in the amount of 
CH, produced by friction cannot be allowed for. Improvements 
to the crushing device have since eliminated the problem. 

The selected CO, data are presented in Fig. 1c, together with 
the Swiss! and French? data. As with NO and CH,, the agree- 
ment between modern atmospheric measurements and air 
trapped recently in ice is encouraging. The data indicate CO, 
levels of about 290-295 p.p.m.v. during the last two decades of 
the nineteenth century, which are supported by chemical 
measurements made at that time". As with the Swiss data the 
results suggest that mid-nineteenth-century and earlier con- 
centrations were lower, averaging 281 +7 p.p.m.v. for the period 
1600-1800, and 288 x: 5 p.p.m.v. for the nineteenth century. This 
suggests that a rapid increase in atmospheric CO, of about 
13 p.p.m.v. (294 — 281) occurred during the second half of the 
nineteenth century or early twentieth century, that cannot be 
explained by the small amount of fossil fuel consumed during 
this period. Assuming an airborne fraction of 0.57 this indicates 
a net СО; source, presumably largely biospheric, of 4.8 x 1019 
tonnes. More precise estimates of this source will be possible 
using a global carbon-cycle modelP?, when the concentration 
history is better defined. : 

We are confident that other sections of this core, when trans- 
ported to Australia in more controlled conditions, will yield 
additional, better quality data on these and other gaseous con- 
stituents. Such data are invaluable in understanding the bio- 
geochemical cycles and abundance of these species in the atmos- 
phere, and assessing their potential role in past climate change. 

We thank several people for support during the period of the 
development of techniques: in particular, we thank Professor 
W. F. Budd (Melbourne University), Mr V. I. Morgan, Mr I. 
Allison and Mr D. Jones (Antarctic Division) for their long-term 
support for the project, Dr I. G. Enting (CSIRO) for advice on 
gas dating, the workshop staff of CSIRO and Antarctic 
Division/Glaciology for assistance in the equipment construc- 
tion, Mr R. Horan, Mr K. Hall (Monash University), Mr R. 
Kemp (CSIRO) and Professor G. Opat (University of 
Melbourne) for the supply of and advice on liquid helium, and 
Professor R. A. Rasmussen (Oregon Graduate Center) for CH, 
and СО; gas chromatographic equipment. 
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The temperature distribution through the Greenland ice sheet at 
the Dye 3 borehole is a record of the past climatic changes in the 
Arctic. The numerical model of the temperature distribution now 
presented reproduces the observed temperature distribution within 
0.03 K, and shows that the basal ice is still cooled 5 K by the cold 
ice-age climate. The results suggest a mean ice-age temperature 
of —32 +2 °C, which is 12 K colder than the present temperature, 
and a precipitation rate 50 + 25% of the present rate. Calculations 
of a more detailed temperature history through the present inter- 
glacial period reveal evidence of the AD 1920-50 maximum, the 
little ice age, and the Atlantic period. 

The temperature distribution (Fig. 1a) in the 2,037-m deep, 
liquid-filled borehole at Dye 3 (65? N, 44? W) was measured in 
1980, іп 1982 and twice in 1983’. The 1982 and 1983 temperatures 
were identical, within the calibration accuracy (0.03 K) of the 
thermistors used. The disturbances induced by the core drilling 
in 1979-81 have obviously disappeared, and the 1983 tem- 
perature profile therefore represents the steady-state hole tem- 
perature. The hole temperature reproduces the undisturbed ice 
temperatures; deviations caused by small convection cells! in 
the liquid-filled hole are small and are neglected in this work. 
The bottom temperature is —13.22 °C, so no melting occurs at 
the base. 

Dye 3 is situated 40 km east of the local ice divide of the ice 
sheet. The flow leading to the borehole is reasonably well known 
from surface elevations”, strain rates“, surface velocities?, pre- 
cipitation rates and model calculations^?. In outline, the ice 
flow follows the local ice divide northward from South Dome 
(64° N, 45? W) and turns at an angle of 60° to the ice divide 
towards the Dye 3 site. The surface velocity at Dye 3 is as high 
as 13 туг! and any temperature model must therefore take 
into account horizontal advection and internal deformation 
heating. 

The model presented here considers 2,000 m of ice on top of 
3,000 m of rock. The heat transfer equation for non-steady state 
may be written: 


aT f (әк kde\faT\? 
---КҮ?Т- vree (2 Ede) (er) 1 
at Owe Gc WT cdT/Vaz (1) 


where Т is the temperature, t the time, z the depth, v the ice 
velocity, p the ice density and f the internal deformation heating. 
k and c, the thermal diffusivity and specific heat capacity of ice, 
are treated as in ref. 9. 

Solutions to equation (1) are calculated numerically with the 
following assumptions: (1) The problem is assumed to be two- 
dimensional (flow direction, x, versus depth, z). (2) The ice 
thickness and the surface lapse rate have remained constant in 
time. (3) The velocity profiles are adequately represented by the 
Dansgaard-Johnsen model!’ with a 300-m-thick bottom shear- 
layer, which approximates the velocity profiles revealed from 
measurements of the tilting of the Dye 3 borehole!. The velocity 
profiles are assumed to change with time in such a way that the 
ice sheet maintains mass balance. (4) The horizontal temperature 
gradient àT/àx is assumed to be proportional to the thinning 
of the annual layers with depth!!, and the horizontal heat con- 
duction k à^T/àx? is negligible. (5) The geothermal heat flux is 
constant at the base of the 3,000 m of rock, at a value typical 
for Precambrian shield. 
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Fig. 1 а, Solid line, measured temperature distribution from the 
Dye 3 borehole. Dotted line, steady-state temperature distribution 
calculated for present climatic conditions. Dashed line, calculated 
non-steady-state temperature distribution. The smoothed climate 
history used in this calculation is as shown in Fig. 2 with (Т. 
Aie, Qgeo) values (—32°C, 0.245 m yr^!, 38.6 mW m ?). b, The 
deviations between the measured (solid line) and the calculated 
(dashed line) temperature distributions from a are shown by the 
solid line. The deviations represent the more detailed temperature 
history of the present interglacial period and the circles show the 
calculated fit to these deviations using the temperature variation 
on Fig. 5 (solid line). The deviations between this fit and the 
measurements are «0.03 K. 
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Fig. 2 The smoothed climate history used to calculate the tem- 

perature distribution shown on Fig. 1a. a, The temperature vari- 

ation through the 115-kyr glacial cycle. T; is the ice-age tem- 

perature. b, The precipitation rate variation through the cycle. Aice 
is the ice-age precipitation. 


An initial steady-state temperature profile was calculated for 
present conditions; that is, using the present surface temperature 
and precipitation rates. The profile deviates considerably from 
the observed (Fig. 1a). This is seen most clearly at the base, 
where the steady-state temperature is 5 K too high, indicating 
that the temperature distribution in the borehole is far from a 
steady-state distribution. The colder bottom temperature is a 
remnant from the cold ice-age climate. 

A non-steady-state solution can now be calculated by applying 
a simplified climate history (that is, surface temperature and 
precipitation rate) as input to the model. The climate history 
throughout the last glacial cycle, the past 115 kyr BP, is repeated 
7-10 times, until the initial state is 'forgotten' and the tem- 
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Fig. 3 The curves represent the parameter combinations (T,,., 

А, Qgeo) which give temperature distributions similar to the 

observed one. The ice-age precipitation rate (Ais) relative to the 

present (0.49 m yr^!) is shown. The circle is the parameter choice 

used in the further calculations. (Tice, Ai, Оқ) = (732*C, 
0.245 m yr^!, 38.6 mW m ?). 


perature profile responds periodically to the periodic forcing. 

Figure 2 shows a smoothed version of the 115-kyr-long glacial 
cycle. The mean ice-age temperature, Tice, and the mean ice-age 
precipitation-rate, А;.., are considered as unknown. Solutions 
are calculated for a variety of (Tice, Aice) values. In each case, 
the geothermal heat flux Q,., is adjusted so as to make the 
resulting temperature profiles fit the observed temperature distri- 
bution (Fig. 1a). The results are presented on Fig. 3. Obviously, 
а wide span of (Ti, Aice) values might represent reasonable 
parameter choices, because the geothermal heat flux in Green- 
land is poorly known. However, the mean geothermal heat flux 
for Precambrian shield is 38.7 mW m ? (ref. 12), and this is 
adopted below. 

As for Tice, the mean ice-age temperature at Dye 3 is believed 
to lie in the range from —35 to —30 °С. The upper limit —30 ^C 
represents a cooling of 10 K from the present surface tem- 
perature. This must be a minimum because the present cooling 
of the bottom ice is 5 K. The 8180 profile along the Dye 3 deep 
core? has a 7% shift at the Pleistocene/ Holocene transition. 
Many uncertainties are connected with the conversion of this 
6-shift to a temperature shift, but it is believed to correspond 
to no less than 10 K. The CLIMAP reconstruction!^ of the Last 
Glacial Maximum (LGM) climate has a maximum sea-surface 
temperature anomaly in the North Atlantic. This anomaly 
between modern and LGM conditions is 14 K, and the anomaly 
at Dye 3 is not believed to exceed this maximum, so the lower 
limit of the mean ice-age temperature is probably —35 °C. 

Figure 3 shows that the curves with a mean precipitation rate, 
ice, 33-75% of the present are the most realistic. This conclusion 
agrees with the measurements of the radioisotope !9Ве in the 
deep core’. 

The calculated variation of the temperature profile throughout 
the glacial cycle is shown in Fig. 4. The cold glacial climate 
cooled the surface from 115 kyr BP, but the warming of the basal 
ice continues to 110 kyr BP. It was only at 65 kyr BP, that is, 
50 kyr after the onset of the glaciation, that the basal temperature 
reached a minimum and the temperature profile got close to a 
steady-state solution for glacial conditions. The surface tem- 
perature variation of 12 K is damped to 5 К at the base. The 
variation of the temperature distribution, and the time (50 kyr) 
required to reach a steady-state profile clearly demonstrates the 
necessity of using a non-steady-state model. 
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Fig. 4 a, Variation of the temperature distribution through the 
115-kyr glacial cycle shown on Fig. 2. b, Variation of the basal 
temperature through the glacial cycle. 
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Fig.5 Solid line, the more detailed temperature variation through 

the past 10 kyr BP, derived from the observed temperature distribu- 

tion at the Dye 3 bore-hole. Dashed line, smoothed temperature 
history also shown on Fig. 2a. 


The deviations between the smoothed and the observed tem- 
perature profiles are shown on Fig. 1b. These deviations are 
used to calculate a more detailed atmospheric temperature his- 
tory through the past 10 kyr, the present interglacial period. A 
least-squares method is used, and the detailed temperature vari- 
ation is added to the last 115-kyr glacial cycle, used as an input 
to the non-steady-state model. The temperature trend curve in 
Fig. 5 results in a calculated temperature profile along the deep 
hole which deviates «0.03 K from the measured profile (Fig. 
1b). A study shows that the calculations through the past 10 kyr 
are rather independent of the ‘ice-age solution’, that is, the 
choice of (Tice, Aice) used to calculate the smoothed temperature 
profile along the deep core. 

The calculated temperature record in Fig. 5, particularly 
through the recent millennia, agreés well with what is known 
of post-glacial temperature trends in the Arctic troposphere!97: 
The AD 1920-50 maximum, the little ice-age (AD 1400-1900), 
the medieval warm period (AD 900-1400); the cold period in 
early medieval times, and the warm Roman time are recorded 
in most of the Northern Hemisphere. The onset of the warm 
Atlantic period is also revealed at 4000 BC, but its termination 
around 1000 BC is missing. However, note that the time resol- 
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ution and the accuracy of the climate history revealed by the 
Dye 3 deep hole decrease backward in time, because the tem- 
perature variations in the borehole are gradually smoothed with 
increasing depth in the ice sheet. 

The numerical modelling shows that the temperature distribu- 
tion in the ice sheet contains considerable information on past 
climatic conditions. The information is most detailed in the past 
10 kyr, because the resolution in the ice is better and the ice 
flow and precipitation were similar to the present well-known 
conditions. The glacial climate can be estimated by the model. 
The results in Fig. 3 demonstrate that a range of solutions are 
acceptable. This fact, combined with the unknown ice thickness 
and ice flow!? in glacial conditions, limits the resolution of the 
ice-age climate. 

This work has been funded by the Danish Natural Science 
Research Council, the Commission for Scientific Research in 
Greenland, Nordic Research Courses (Nordic Council of 
Ministers) and the European Economic Communities, XII 
Directorate General (contract CLI.067.DK). 


Received 22 August 1985; accepted 10 January 1986. 


1. Gundestrup, М. S. & Hansen, В. L. J. Glaciol, 30, 282-288 (1984). 

2. Zwally, H. J., Bindschadler, R. A., Brenner, A. C., Martin, T. V. & Thomas, R. H. J. geophys. 
Res. 88, 1589-1596 (1983). 

3. Overgaard, S. & Gundestrup, М. S. Am. geophys. Un. geophys. Monogr. 33, 49-56 (1985). 

4. Whillans, I. M., Jezek, K. C., Drew, A. R. & Gundestrup, N. S. Ann. Glaciol. 5, 185-198 
(1984). 

5. Reeh, М. & Gundestrup, М. S. J. Glaciol. 31, 198-200 (1985). 

6. Reeh, N., Johnsen, S. J. & Dahl-Jensen, D. Am. geophys. Un. geophys. Monogr. 33, 57-66 
(1985). 

7. Dansgaard, W., Clausen, H. B., Dahl-Jensen, D. & Gundestrup, N. S. Proc. Symp. on EEC 
Climatology Programme (1984). 

8. Dahl-Jensen, D. J. Glaciol. 31, 92-98 (1985). 

9. Dansgaard, W. & Johnsen, S. J. J. geophys. Res. 74, 1109-1110 (1969). 

10. Dansgaard, W. & Johnsen, S. J. J. Glaciol. 8, 215-223 (1969). 

11. Budd, W. F., Young, М. W. & Austin, C. R. J. of Glaciol. 16, 99-110 (1974). 

12. Lee, W. H. K. & Uyeda, S. Terrestial Heat Flow (ed. Lee, W. H. K.) (American Geophysical 
Union, Washington, DC, 1965). 

13. Dansgaard, W. et al. Geophys. Monogr. 29 (1984). 

14. CLIMAP Project Members, Geological Society of American Map and Chart Series MC—36 
(1981). 

15. Beer, J. et al. Апп, Glaciol. 5, 16-17 (1984). 

16. Hammer, C. U., Clausen, H. B. & Dansgaard, W. J. Volcan. geotherm. Res. 11, 3-10 (1981). 

17. Lamb, H. H. Climate History and the Modern World (Methuen, London, 1982). 

18. Reeh, N. Nature 317, 797-799 (1985). 


S aa MILI EC ELIO RN ENG EE 





Geophysical modelling of the 
thermal history of foreland basins 
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Rapid subsidence and sedimentation in active foreland basins 
produces negative thermal anomalies within the sediments and the 
lithosphere. We have developed a one-dimensional conductive heat- 
ing model to simulate the thermal effects of subsidence in foreland 
basins. Application of the model to data from a well in the Alberta 
Basin suggests that negative thermal anomalies can delay hydro- 
carbon maturation by a few million years. The thermal anomaly 
is larger within the lithosphere than in the sediments. As the 
anomaly is removed by conductive heating the rheological proper- 
ties of the lithosphere are modified, causing an apparent reduction 
of plate rigidity. The thermal anomaly in the lithosphere also 
results in a positive buoyancy force which acts against the 
mechanical loading of the plate and produces thermally driven 
uplift when active loading ceases. 

We have modelled the subsidence of foreland basins as the 
response of an elastic or a viscoelastic plate to loading during 
orogenic compression'~>. A relationship has been shown to exist 
between the thermal state of the continental lithosphere and its 
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Fig.1 Thethermal anomaly resulting from a single 10-km episode 
of subsidence of continental lithosphere. A, The original, post- 
instantaneous-subsidence and final equilibrium thermal gradients 
are a, b and c, respectively. The difference between the initial and 
final equilibrium gradients (y minus x) is the result of thermal 
blanketing of the added sediments. B, The thermal anomalies are 
x, the anomaly resulting from depression of the slab, and y, the 
anomaly resulting from both the depression of the slab and the 
thermal blanketing effect of the sediments. 


response to mechanical loading^?. Rapid deposition of cold, 
low conductivity sediments results in the formation of negative 
thermal anomalies (the difference between actual temperatures 
and equilibrium temperatures) within the sediments and under- 
lying lithosphere. As a result of thermal blanketing, the sedi- 
ments will equilibrate with a new, generally hotter, equilibrium 
geothermal gradient, which adds to the negative anomaly 
(Fig. 1). In our model, the temperature of the asthenosphere 
during deposition of each increment of sediment is set equal to 
the equilibrium temperature resulting from the deposition of 
that increment of sediment. Thus, a Sharp temperature change 
occurs at the interface between the lithosphere, which is not in 
thermal equilibrium, and the underlying asthenosphere (Fig. 1). 

In foreland basins of western North America (Fig. 2), the 
subsidence resulting from thrusting in the Cordilleran orogenic 
belt occurs in multiple, rapid episodes with sedimentation rates 
sufficient to keep the basins nearly Пед, This mechanically 
driven subsidence began between 200 and 160 Myr ago and 
ended —50 Myr ago, and was synchronous with thrusting in the 
adjacent Cordillera. The magnitude of subsidence decreases 
with distance from the mountain belt, as is shown by the sub- 
sidence curves (Fig. 2). Each episode of subsidence, presumably 
resulting from a distinct phase of thrusting’, produces negative 
thermal anomalies. Because heat conduction is slow relative to 
the frequency and magnitude of the subsidence episodes, a 
portion of the thermal anomalies resulting from each subsidence 
episode will be present at the initiation of the next episode. 
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Thus, non-equilibrium conditions form the initial conditions for 
all thermal calculations after foreland basin subsidence begins. 
The thermal evolution is calculated using a one-dimensional 
finite difference method modified from ref. 7, and we assume 
that all heat transfer is conductive. A one-dimensional calcu- 
lation produces an acceptable approximation of the thermal 
history because foreland basins tend to be broad features in 
which lateral temperature gradients are likely to be small. 

The record of subsidence preserved in the stratigraphy of the 
foreland basin forms the primary input for our thermal model. 
Sediment compaction is estimated by the method of Bond and 
Kominz* which was modified to include present-day porosity 
in the basin strata. Density, specific heat and concentration of 
radioactive material are calculated as the arithmetic mean of 
these properties for the appropriate mix of various sediment 
types and water’. We assume that porosity varies with both 
lithology and depth*. Sediment conductivity is calculated 
according to the Maxwell diffusion equation? treating the sedi- 
ments as a dispersed phase in water. The thermal model is 
independent of uncertainties in parameters such as palaeo-water 
depth (or height above sea level), palaeo-sea level (the definition 
of a fixed base level) and the flexural response of the lithosphere- 
to-sediment loading. This is because the origin of the thermal 
gradient is taken to be the sediment-air (water) interface. Thus, 
the calculated equilibrium and disequilibrium temperatures are 
a function only of the sedimentation rate and the thermal proper- 
ties of the sediment column, which can be estimated from the 
stratigraphic record. 

The flow of water through porous sediments aflects their 
thermal history but is not taken into account in our model. 
Fluids move laterally and upward in a sedimentary basin as a 
result of compaction. This effect is not significant relative to 
conductive heating for the Illinois Баѕіп!!, which has sedimen- 
tation rates comparable with those in the Alberta Basin. On the 
other hand, gravity-driven groundwater flow may have a sig- 
nificant effect on sediment temperatures'”. The topography and 
water table of subaerial foreland basins slope gradually away 
from the deformation front toward the craton. The resulting 
flow pattern depresses the thermal gradients near the mountains 
and increases them at the cratonic limit of the basin". Steady- 
state finite element models have been developed to estimate the 
effects of gravity-driven groundwater flow in the Alberta 
Вавіп “15, The thermal perturbations resulting from gravity- 
driven fluid flow are significant relative to the conductive effects 
of rapid subsidence and must be taken into account when 
modeling subaerial phases of subsidence. In the Alberta Basin 
subsidence is characterized by submarine and mixed submarine 
to non-marine sediments. Thus, a conductive heating model 
should yield a reasonably accurate thermal history during active 
subsidence, but would not be expected to yield an accurate 
picture of the present-day heat flow regime because of today's 
groundwater flow. A comprehensive model of the thermal his- 
tory and present temperatures in the Alberta basin must include 
the effects of non-steady-state fluid flow as well as rapid 
sedimentation. 

We have applied the thermal model to data from the Getty 
Union Oyster well in the Alberta Basin. The basin was produced 
by flexural bending in response to compressional tectonism 
between the Jurassic and Eocene. Before initiation of the fore- 
land basin, the Hudsonian basement beneath the Alberta Basin 
was probably not affected by thermal events younger than 
7-1,700 Myr. Thus, the lithosphere can be assumed to have been 
in thermal equilibrium at the initiation of thrusting. The equili- 
brium gradient within the lithosphere is assumed to be 
24°C km™ at the surface of the crust. Radioactivity within the 
lithosphere is assumed to be distributed exponentially with a 
surface value of 2.5 uW m^? anda decay constant (characteristic 
depth) of 14 km, resulting in a temperature at the top of the 
asthenosphere of 1,375 *C for a 125-km thick lithosphere. These 
values are consistent with average continental lithospheric 





= LETTERS TONATURE 


a Time Myr) 


400 300 200 100 


Тесіопіс subsidence (km) 





Fig.2 Tectonic subsidence curves from three Jurassic to Eocene 
foreland basins of western North America. a, Alberta Basin; b, 
Green River Basin; and c, Denver Basin. Locations of the wells 
and stratigraphic sections are provided in insets beneath each set 
of subsidence curves. Thickness data are from: a, curve 1— 
composite stratigraphic section from refs 32-36; curves 2-4—well 
data provided by Shell Canada; b, composite stratigraphic sections 
from Royse et al”; c, well data from Irwin??, Biostratigraphic ages 
and palaeo-water depth estimates are from: a, ref. 39; b, c, ref. 40. 
All curves are plotted using the timescale of Harland et al^’, 


gradients" and with gradients observed in the present-day 
western Alberta Вавіп 918,19, 

The Getty Union Oyster well is located on the easternmost 
edge of the thrust and fold belt (Fig. 2, curve 2). Subsidence of 
the foreland began in the late Jurassic???! and ended at the end 
of the Cretaceous when thrusting overran this part of the basin. 
Because our model required that each sediment package be at 
least 100 m thick it was necessary to begin the modelling at the 
base of the middle Jurassic sediments (Fernie group); ~3.75 km 
of sediments accumulated between the middle Jurassic and the 
end of the Cretaceous (Fig. За). Our model predicts that the 
subsidence caused a negative thermal anomaly to grow through 
time to a maximum of ~—60 °C in the lithosphere and —11 °C 
within the sediments (Fig. 3b, c). Our model further predicts 
that after thrusting and subsidence ceased, the thermal anomaly 
would have decayed to —20°C in the lithosphere. 

The thermal anomaly within the sediments has an important 
effect on the calculation of maturation history within the deepest 
sediments modelled. The time-temperature index (TTI) of 
Waples””, calculated from the results of our thermal model, is 
lower than the TTI calculated assuming that thermal equilibrium 
is maintained throughout the subsidence history (Fig. 4a). The 
lower TTI values imply that the timing of peak oil generation 
would be delayed by —4 Myr relative to that for equilibrium 
thermal gradients. The surface gradients are higher than predic- 
ted by the results of Hacquebard? and Majorowicz et al.?, who 
suggest that the gradient for the westernmost Alberta basin in 
Eocene time was about 22?C km !. The calculation of the 
equilibrium and the time-dependent temperature histories from 
our model imply a higher degree of maturation than that which 
would be calculated using a constant temperature gradient of 
22 °С km^!. In general, the assumption of constant gradients 
through time in foreland basins 924 based on the present thermal 
gradients, is likely to yield maturation values that are too low 
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in the deeper parts of a foreland basin and too high in the 
shallower parts. Calculation of thermal gradients based on cur- 
rent maturation values in the western Alberta Basin by Beaumont 
et al?? yielded slightly higher gradients (26 °C Кт!) than those 
predicted for the Getty Union Oyster well by our model. Their 
thermal gradients yield correct final maturation values but may 
not accurately predict the timing of earlier maturation phases. 
Our modelling indicates that, in calculating maturation, it is not 
reasonable to assume that thermal gradients were constant 
throughout the history of foreland basin subsidence. 

The decay of the thermal anomaly predicted by our model 
leads to thermal expansion and lower density within the crust 
and upper mantle. During subsidence of the basin the increasing 
buoyancy requires an increase in the driving force which pro- 
duces subsidence. (The driving force is defined as the difference 
between the force required for the observed subsidence and the 
force exerted by the sediments.) The force is probably that 
portion of the downward force of the thrust loads which, because 
of the rigidity of the lithospheric plate, is transmitted to the 
location of the well being modelled. For the Getty Union Oyster 
well, the driving subsidence increases to ~ 122% of that which 
seems to be necessary in the absence of the thermal effects 
(Fig. 45). In contrast to the calculation of thermal history, the 
driving force is dependent on several poorly constrained factors 
including palaeo-water depth, palaeo-sea level and the flexural 
response of the lithosphere to the sediment load. Of these effects, 
only paleao-water depths have been included in the modelling. 
From middle Jurassic to late Cretaceous, the sea level was 
rising’. Ignoring this change, therefore, results in an overesti- 
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mate of the subsidence resulting from the driving force. The 
reverse is the case when sea level fell from late Cretaceous to 
the present. Ignoring the flexural response of the lithosphere to 
sediment loading results in an underestimate of the driving force 
in the deeper part of the basin (the location of the Getty Union 
Oyster well). Airy isostasy overestimates the force of the sedi- 
ments acting on the lithosphere directly beneath the greatest 
loads because the sediment load in the deepest parts of the basin 
is supported not only by the lithosphere directly beneath it but 
also by the adjacent lithosphere. Although the driving force is 
dependent on these corrections (sea level, flexural rigidity and 
water depth), the thermal history predicted by the model is not, 
and any correction made to the loading force curve calculated 
by the thermal model must also be made for the curve which 
ignores the temperature effect. Thus, the effect of the thermal 
history of the foreland basin on the buoyancy force, which is 
illustrated in the difference between the two curves in Fig. 45, 
is independent of these uncertainties. 

During depositional hiatuses and after cessation of loading, 
the heating of the lithosphere as the thermal anomalies decay 
will cause thermal expansion and uplift of the basin. In the 
Getty Union Oyster well, an uplift of —5 m is predicted during 
the 6-Myr hiatus in the early Cretaceous. About 115 m of uplift 
is predicted since the end of subsidence (Fig. 4c). This accounts 
for only 12% of the present-day regional tilt from the foothills 
to the cratonic edge of the Alberta Basin. The remainder of the 
uplift may be derived from erosion of the mountain load. 
Alternatively, it could result from a decoupling of the load from 
the down-bent plate resulting from regional lithospheric heating 
in western North America”. At the Getty Union Oyster well 
site, complete decoupling would require the removal of the total 
driving force (per unit area), 30.5 x 10’ dynes cm ^, resulting in 
945 m of uplift. With the addition of thermal expansion, the 
total uplift is 1,060 m. This amount of uplift is quite close to 
the observed difference in elevation between the foothills and 
the cratonic edge of the basin?*?57?, A decoupling of the load 
with the basin is consistent with the gravity modelling of 
McNutt®™. Her residual gravity anomaly map shows no paired 
anomaly in the Alberta foreland region, indicating that only 
local isostasy operates. 

The heating of the lithosphere as the negative thermal anomaly 
decays also affects the temperature-dependent mechanical 
properties of the lithosphere. As the lithosphere gets hotter, its 
rigidity is reduced. The original thickness of the mechanical 
plate is assumed to have been 41 km. This is the apparent elastic 
thickness of old oceanic lithosphere?! and is also the elastic 
plate thickness used to model the Green River Basin”. Our model 
predicts that heating of the lithosphere over the course of fore- 
land subsidence reduces the elastic plate thickness by ~8 km 
(Fig. 4d). Because elastic rigidity is proportional to the cube of 
the elastic thickness, this result implies a 47% loss of flexural 
rigidity. Thus, the response of the lithosphere to loading is 
significantly affected, causing the plate to appear less rigid as 
subsidence continues. The magnitude of the loss in rigidity 
caused by heating is less than that predicted by the viscoelastic 
model of Beaumont! for the Alberta Basin but is similar in 
magnitude to that predicted by the thermally controlled creep 
model of Quinland and Beaumont*. In our model the magnitude 
of the apparent viscosity of the lithosphere diminishes with 
distance from the load, resulting in a plate of variable rigidity. 
The effects of heating in foreland basin settings are complex 
and would be expected to result in a significant time-dependence 
in the response of the lithosphere to loading which should be 
taken into account in mechanical modelling of foreland basins. 
Neither the thermal heating nor any viscoelastic models predict 
the total loss of rigidity indicated by the current regional 
topography of the Alberta Basin. This implies that some event, 
not related to foreland basin formation, has subsequently 
affected the Alberta Basin. 

In conclusion, our modelling of the thermal effects of episodic 
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Fig.3 а, Observed and decompacted subsidence history of the 
Getty Union Oyster well. The observed curve is a plot of cumulative 
thicknesses of the present-day sediments. The decompacted sub- 
sidence curve shows the subsidence of the basin with compaction 
of sediments taken into account. The decompacted subsidence 
curve specifies the subsidence history of the basin at the well, and 
serves as input for the thermal model. Profiles of thermal disequili- 
brium in the lithosphere (b) and the sediments (c) are plotted for 
specific times during and after active foreland basin subsidence. 
Foreland basin subsidence begins at 175 Myr, at which time there 
is no thermal anomaly. The thermal anomaly grows with time 
during foreland basin subsidence and decays after cessauon of 
thrusting (65-0 Myr). 


subsidence in a foreland basin shows that significant thermal 
anomalies are formed. The episodic subsidence history of the 
westernmost Alberta Basin, in which 3.75 km of sediments were 
deposited іп 110 Myr, led to a thermal anomaly of -60°C in 
the lithosphere and an anomaly of —11°C in the sediments. 
While the anomaly in the sediments is small, and may be 
overwhelmed by local variations in temperature, it does rep- 
resent a systematic effect which has been shown to be sufficient 
to reduce the final maturation level of the sediments. An implica- 
tion of our model is that the heating of the lithosphere caused 
by the decay of the thermal anomaly is sufficient to modify 
significantly the results of the purely mechanical models that 
have been proposed for foreland basins. The growth and removal 
of the thermal anomaly within the lithosphere results in an 
increase in the force necessary to cause subsidence by --22%. 
The buoyancy force is manifested as thermally driven uplift 
during periods in whch loading is not active, possibly causing 
basin-wide unconformities. Uplift of 115 m, after cessation of 
subsidence, is predicted for the Alberta Basin. A decrease in 
the rigidity of the plate by ~47% would appear as an apparent 
viscous relaxation of the plate. In many foreland basins, the 
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rates and/or magnitudes of subsidence are greater than those 
preserved in the Getty Union Oyster well. In such basins, the 
thermal anomalies and associated effects would be larger than 
those predicted for southwestern Alberta. 
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Fig. 4 a, Hydrocarbon maturation history pre- 
dicted for Carboniferous strata in the Getty 
Union Oyster well. log TTI, as calibrated by 
Waples”’, is plotted as a function of time. Solid 
(dotted) line, model result, taking (not taking) 
into account the thermal effects of rapid sub- 
sidence. b, The driving force per unit area 
applied to the lithospheric slab beneath the 
Getty Union Oyster well is shown for the case 
in which the thermal effects of subsidence are 
ignored and for the case in which the buoyancy 
force resulting from heating of the thermal 
anomaly is included. c, During times in which 
loading is not active, the buoyancy force causes 
uplift of the basin. The uplift during a 6-Myr 
depositional hiatus and after cessation of sub- 
sidence are plotted for the Getty Union Oyster 
well. d, Depth to the base of the elastic plate, 
assuming an initial elastic plate thickness of 
41km. The elastic thickness of the plate 
decreases over time as the negative thermal 
anomaly decays. 
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Stable and radiogenic isotope compositions are commonly used to 
identify the solution from which minerals such as sulphate, carbon- 
ate and silicate were crystallized. Both the sources and the ages 
of evaporite deposits can be determined by measuring radioactive 
36C] concentrations using new developments in accelerator mass 
spectrometry. Halite crystals found in saline sediments, which 
could not be measured by isotope techniques until this method was 
developed, are usually assumed to have precipitated from the lake 
water during former dry periods. In the case of the Dead Sea we 
tested this assumption by comparing the abundance of 3СІ isotopes 
in a shallowly buried halite layer with that in the overlying water. 
We found that the *°C1/CI ratio is significantly lower in the halite, 
which indicates that the salt did not crystallize from this water 
but from a solution originating from the Tertiary diapir underneath 
the sea or that the salt represents the top of the Mt Sdom formation 
diapir. 
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“Тһе two stable chlorine isotopes (СІ and СІ) show a small 
isotope effect of the order of 3% (ref. 1) which can be used in 
studies of both recent and ancient evaporite deposits. A third 
isotope, *6Cl, which is cosmogenic with a half-life of 301,000 yr, 
can be used not only as a tracer of the depositional environment 
but also as the basis of a dating method for halite in the 
Pleistocene”. 

The determination of 29СІ in natural water has already been 
used to demonstrate the influence of ‘ancient’ salts on present 
water systems’. Old salt sources (older than several half-lives) 
are characterized by very low*°Cl/Cl ratios* (these may be 
<0.5 х 1071). The ratio probably never falls below this value 
because of a second mode (non-cosmogenic) of *°C! generation 
involving the capture of neutrons originating from the interac- 
tion of a particles on light elements. In some cases the ratio 
can be higher because of local enrichment of uranium and 
thorium’. 

The Dead Sea is located in the Jordan rift zone, which is the 
northern extension of the Syro-African Rift system. We found 
a layer of massive halite?” under a thin layer of soft sediments 
in the northern Dead Sea. Although the thickness of the halite 
layer was not determined, its continuity was demonstrated by 
extensive coring, the almost homogeneous distribution of trace 
elements® and by seismic profiles (Z. Ben Avraham, Y.L. and 
J. K. Hall, in preparation). 

We analysed a halite sample recovered from the bottom of a 
0.4-m-iong core taken near Ein Gedi at a depth of 250m. 
Associated with the sample was a carbonate mud (70% 
aragonite, 30% calcite) which yielded а “С age of 500+ 500 уг 
BP (taking into account that present-day Dead Sea water has 
an apparent age of 2,000 yr; ref. 6). 

The halite was dissolved in water and its Cl” precipitated 
with Ар? and purified by dissolution in NH; before the final 
reprecipitation as AgCl. We measured *°Cl in the AgCI target 
using the accelerator mass spectrometer system at the Rehovot 
14UD Pelletron Tandem Laboratory. Two samples run on 
different days yielded 28СІ/СІ values of 6+3 and 7:5x 10^. 
These values should be compared with those of Dead Sea water 
and recent (1981) halite which precipitated on a rope suspended 
in the Dead Sea water column (Table 1). 

The distinct difference between the ?ÉCI/CI ratios in the 
samples obtained from Dead Sea water and in those of the salt 
sampled from the halite layer at the bottom of the Dead Sea 
exclude the possibility that it precipitated from Dead Sea brine 
either recently or during the past few tens of thousands of years. 
Yet the age of the chlorine in the water column was found to 
be between 19,000 and 25,000 yr, based on the ӨСІ concentration 
and an input model presented by Paul et a!?. On the other hand, 
the З6С1/СІ ratio is very similar both to that of Mt Sdom halite 
taken from a depth of 2,000 m and that of the Ashlag Springs, 
which represent solutions associated with the Mt Sdom forma- 
tion (Table 1). Although the last three values in Table 1 are 


Table 1 Results of ?5CI determination of samples from the Dead 





Sea area 
5 Cy CcI* 
(10715) 
Dead Sea 

Surface 17+4 
80 mt 1742 
310 та. 2044 
Ashlag Spring 442 
Mt Sdom salt 5+2 
Halite layer (Dead Sea core) 6+3 


* The value shown is the weighted mean of independent measure- 
ments + variance of the mean. — 

1 From halite crystals deposited on a rope suspended in Dead Sea 
water. 
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higher than ratios measured in some old deposits’, they are the 
lowest determined in our laboratory. These values can be 
explained either by local enrichments of U-Th as mentioned 
above, or by experimental effects such as cross-contamination 
during sample preparation or ion source operation. 

Several models can be proposed to explain the origin of the 
halite layer based on its 'CI/CI ratio and on other geochemical 
and geophysical evidence: (1) The halite is the topmost layer 
of a salt diapir?. Neev and Hall’ believe that the diapiric 
structures detected in seismic profiles indicate the occurrence 
of rock salt masses of the Mt Sdom formation in different areas 
of the northern basin of the Dead Sea. (2) The salt was deposited 
recently from interstitial chloride-bearing solutions that diffused 
upward from the underlying Mt Sdom formation and not from 
the contemporary Dead Sea brine. This model can explain the 
co-occurrence of 'old' salt with sediments whose young age 
(500+ 500 yr BP) is indicated by the “С dating of the carbonate 
fraction. If one accepts this model and the observations of Ben 
Avraham et al. (in preparation) that the salt layer covers most 
of the floor of the northern Dead Sea, one has to postulate that 
a brine is diffusing upwards under most of the present-day Dead 
Sea bottom sediments. According to this model, most of the 
chlorine dissolved in the present-day Dead Sea brine is derived 
from the dissolution of rock salt. This is consistent with the 
findings of Paul et al’, based on Cl and ?ÓCI balances, that the 
ratio of the СІ” derived from rocks to the СІ” derived from rain 
is 100 for the Dead Sea. (3) The halite layer was precipitated 
following an event during which concentrated saline solutions"! 
of the Ashlag Spring type flowed to the bottom of the Dead Sea 
in large quantities and remained there because of their high 
density. Table 1 demonstrates that such solutions are character- 
ized by low ?5CI/CI ratios. 

These models cannot be differentiated by geochemical 
methods because in all three, the halite is either part of the Mt 
Sdom formation or derived from a solution of its salt. Another 
geochemical parameter that has been suggested as an indicator 
of the salt's origin is the Cl/Br ratio. This ratio, found to be 
3,500-5,300 in the halite layer, is similar to that in Mt Sdom 
salt and significantly different from the value (1,100) found in 
halite precipitating from modern Dead Sea water®. On the basis 
of such evidence, Bloch and Picard"? suggested a Neogene age 
(the age of Mt Sdom salt) for the halite layer. However, СІ/ Вг 
ratios alone are no more than indicative, as halite is known to 
lose some of its bromide during diagenetic changes. 

We can conclude that: (1) the halite does not represent a 
Dead Sea water precipitate; (2) the halite is associated with Mt 
Sdom salt, either by being part of the Mt Sdom formation or 
by originating from a solution whose Cl” is derived from Mt 
Sdom salt; and (3) the association of the old salt and young 
CaCO; in the halite layer may favour the second or third 
hypothesis. Further measurements of ?6СІ in interstitial water 
and in additional halite samples may elucidate the processes 
that led to the formation of the halite layer studied. 

This work was supported in part by the Bat-Sheva Foundation 
for Science and Technology and by the Minerva Foundation. 
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Variations of marine isotopes with time have been observed through 
the Phanerozoic’, in association with some period boundaries: 
Pleistocene/Holocene*, Cretaceous/Tertiary*, Регто-Тгіаѕѕіс5% 
and Frasnian/Fammenian’. Most of these changes are associated 
with extinction events, reflecting changes in life on Earth. One of 
the major biological changes in Earth’s history occurred near the 
end of Proterozoic time, with widespread increase of bio- 
mineralization and the appearance of shelly fauna?7'^. We present 
here an initial survey of carbon isotope ratios in a section on the 
Siberian Platform that spans the Proterozoic/Palaeozoic bound- 


ary. After a high of 512С = +3.4%, 15 m below the boundary, 6? C 


drops sharply in two cycles across the boundary, to 5°C = —2X. 
near the end of the Tommotian Stage. These variations suggest 
an initial bloom of biomass in late Vendian time corresponding 
to the dramatic diversification that must have preceeded the wide- 
spread appearance of new taxa in the Cambrian fossil record. 

The section studied comprises 250 m of carbonate rocks that 
include the Yudoma Formation of late Vendian age and the 
Pestrotsvet Formation of Tommotian age along the Aldan River 
(Dvortsy section, 57.47? N, 129.30? E, 650 km south of Yakutsk) 
on the Siberian Platform in Yakutia!*?. The Vendian/Tom- 
motian boundary, close to the top of the Yudoma Formation, 
is a candidate for designation as a stratotype of the Precam- 
brian/Cambrian boundary'*. Arguments have been advanced 
against this selection", but our concern here is with the fossil 
record rather than the formalities of stratigraphy. Consequently 
in the following discussions we will informally refer to the 
Vendian/Tommotian boundary as the Precambrian/Cambrian 
(P €/ €) boundary. The Dvortsy sequence is transgressive over 
a shelf of the Archaean Aldan Shield, and this is part of a 
worldwide transgression that continues through Tommotian 
бте! The rocks range from very fine («10 рт) pelletal 
dolomite to  medium-coarse (100-150 рт) xenomorphic 
dolomites. Part of the topmost Vendian sequence is dolomite 
replacing earlier oolitic sediments. As one approaches the 
suggested P-C/€ boundary from below, de-dolomitization and 
staining with iron oxide indicate an unconformity, suggested by 
Khomentovsky et а/!!. Our Cambrian samples were also 
dominantly dolomite, although this section is often described 
as limestone!!. 

Our samples were obtained as part of IGCP Project 29, and 
were collected in a similar fashion to a previous set of Tom- 
motian samples from along the Lena River, studied for mag- 
netostratigraphy by Kirschvink and Rozanov’’. Palaeomagnetic 
studies of the new samples are in progress by Kirschvink. 

CO, for mass spectrometry was generated by the method of 
Magaritz and Kafri?. CO, generated by calcite in the de- 
dolomite was removed, and then the remaining dolomite reacted 
to provide the measured sample. Although the section has 
suffered dolomitization, probably in an early diagenetic stage, 
we know from much younger dolostones that the dolomite 
preserves the original 6'°C values?^??, 

From the base of the Dvortsy section 5'°C becomes gradually 
more positive, from 8C — —4 to +3.4% (Fig. 1). The most 
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Fig.1 Profiles of 8C (@, solid line) and 5'°O (O, dashed line) 
at the Dvortsy section, Aldan River, Yakutia. The metre scale 
corresponds to the standard scale scribed on the outcrop, which 
starts at an arbitrary zero about 10 m above the unconformity on 
the Archaean; the isotope profile begins at +10 m on that scale, 
or about 20 m above the unconformity. Stratigraphical zone sym- 
bols!!: V4, Vendian Yudoma Formation; C,T", Cambrian Tom- 
motian Pestrotsvet Formation, А. sunnaginicus zone; C,T, D. 
regularis zone; С,Т!, D. lenaicus zone. 


positive samples are found at about 170 m, 15 m below the 
P€/€ boundary. From this point, a decline of °С to a 
minimum of 8C = —1.3% crosses the P C/ € boundary, as well 
as the rest of the Yudoma Formation and the Aldanocyathus 
sunnaginicus zone (Fig. 1: C, T^, of lower Tommotian age) of 
the Petrotsvet Formation. From this point, 8'^C rises sharply 
by 2% within a 15-m section of the Dokidocyathus regularis zone 
(Fig. 1: C,T'5, of middle Tommotian age), and then decreases 
by 3.3% to the end of the analysed section about 10 m below 
the Tommotian/ Atdabanian boundary. 

The rise of 7.5% in 6'°C (Fig. 1) within the Vendian, is at an 
average rate of change of 0.04% m !. The second rise, in the D. 
regularis zone (C,T®) is of the order of 0.2% m7’, about five 
times as fast as in the late Vendian, on the admittedly tenuous 
assumption of a uniform sedimentation rate. The drop of à BC 
across the P€/€ boundary is at a faster rate, of 0.5% тг!. Part 
of this section may be missing at the unconformity, which may 
mean that the drop is at a similar rate to the previous Vendian 
increase. Because each of these changes continues over a thick 
sequence, it is likely that none of them is caused by an instan- 
taneous mechanism. The carbon isotope variations reflect corre- 
sponding variations of 8C in HCO, in shelf waters, which 
presumably equals that of the surface ocean water mass. Several 
models have been proposed to explain variations of 8PC in 
surface ocean waters. For this case, we can ignore those models 
dependent on the mass of land flora. The remaining models are: 
(1) changes in biological productivity in the surface ocean”; 
(2) changes in vertical circulation rate for the whole ocean”; 
(3) changes in the fractional preservation of organic carbon on 
the sea floor, caused by expansion and contraction of the oxygen- 
minimum zone”. 
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Although we have only a single profile, previous experience 
with profiles of 54°C at other boundaries suggests that at least 
the general trends of variation represent worldwide oceanic 
events, rather than simply basinal changes. 

The number and size of phosphorite deposits near the РС/С 
boundary is unequalled at any other time in the geological 
тесога 124627 Phosphorite deposition suggests increased biologi- 
cal productivity, which (model (1)) should increase 8°C in 
these surface waters. Cook and Shergold? connect this burst of 
phosphorite deposition with the explosive faunal diversification 
in early Cambrian times, including taxa with phosphatic 
skeletons. Their time control for the phosphate event(s) is 
necessarily imprecise, and carbon isotope profiles may eventu- 
ally refine this course of events. In accordance with the above 
model, the two periods of increased 8C correspond to increases 
in biological activity. The first rise of 5'°C occurs in the Vendian 
system, which has little skeletal fauna and may correspond to 
a time of diversification, the descendants of which appeared at 
once in the early Cambrian. This general development was 
probably interrupted by a decline of productivity, revealed by 
the reversal across the P €/ € boundary, which recovered only 
in the D. regularis zone (middle Tommotian). A second decline 
continued to the top of our record of $'С (Fig. 1). 

The changes of 5°C in Fig. 1 probably represent a final 
episode of a long record of generally high 6'°C in late Pro- 
terozoic time, as displayed in thick sections in Svalbard and 
Greenland (A. H. Knoll, personal communication). In that view, 
the low 8'^C with which our shorter section begins would have 
been only a temporary drop to a low value. 

On a section that is still shorter than ours, 8'^C across a zone 
designated as the P€/ € boundary at two localities in China 
shows a sharp negative excursion within 20 cm of the boundary, 
associated with a possible iridium anomaly^???. However, the 
levels at which the P €/ € boundary has been placed in China 
and Siberia are probably not stratigraphically correlative. In 
any case, our sampling would probably have missed so sharp 
an excursion as found in China. 

The 5:80 values in Fig. 1 have a negative trend, from a mean 
of —4% in the first 150m of our Vendian section, to about 
6/50 = —7% in the rest of our Vendian and Cambrian section. 
No major change occurred at the P C/ C boundary. The corre- 
lation of 8!?O with 6'^C is —0.36, whereas a positive correlation 
would have been expected if both 5°C and 5'*O had been 
distorted by freshwater diagenesis. As with other dolomites, one 
cannot be sure that they preserve an original record of 5'80. 
Further analyses, especially of phosphate 8180 (ref. 29), may 
help to explain the variations in 8:50. 

This research was funded in part by NSF research grant 

8400222 to the University of Oregon, and 8121377 to the 
California Institute of Technology. This article is a contribution 
to IGCP Project 29: Precambrian/Cambrian Boundary, and to 
IGCP Project 199: Rare Events in Geology. A. Yu. Rozanov 
provided expert guidance to Kirschvink in the field. We thank 
T. Galin, R. Selnikov and M. Feld for mass spectrometry 
measurements. A. H. Knoll contributed helpful discussion on 
Proterozoic geology, palaeontology, and geochemistry. 
Note added in proof: The recent paper by Tucker?! gives a carbon 
isotope profile across the P€/€ boundary in the Anti-Atlas of 
Morocco. In that section the boundary is undefined within a 
200-m section, which in turn forms part of a 300-m interval 
for which Tucker has no 6°C data. But Tucker’s 54°C values 
rise from —3% below this interval to +2.5% above this interval, 
which probably corresponds to the late Vendian rise in Fig. 1 
above. A more complete profile of 8PC in the Moroccan section 
may give a precise correlation with the Siberian section. 
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Strong seasonal signals in fluxes and composition of siliceous 
microfossils have been recorded in sediment traps from two sites 
in the equatorial Pacific, deployed from December 1982 to March 
1984. During the early part of the sampling period, the 1982-83 
El Niño event had a profound effect on the radiolaria and silico- 
flagellates within these two areas. During the El Nino, the radic- 
larian trap assemblages at Site C (1? N, 139° W) most resembled 
faunal assemblages in western equatorial Pacific sediments, 
whereas the trap assemblages resembled equatorial divergence 
sediments in the latter half of the period. At Site S (11? N, 140? W), 
the radiolaria and silicofiagellate species can be correlated with 
organic carbon fluxes. In general, silicoflagellate shell fluxes are 
correlated to total opal fluxes where radiolarian fluxes do not 
exhibit this relationship. Approximately 20-25% of the total count 
of radiolaria in traps are not present in underlying sediments with 
a significant loss of the weakly silicified forms. However, the 
comparison of trap sample assemblages with underlying sediments 
reported here shows that dissolution dees not alter relative abund- 
ances of the fossil species used in palaeoclimatic reconstructions. 
A significant difference is observed between the silicoflagellate 
trap assemblage and the underlying sediment assemblage. 

The samples used in this study were collected with the Oregon 
State University single-cone traps equipped with five-cup sample 
changers’. The sampling period was 7 days for the first cup and 
~100 days for each of the other four cups. At Site C the traps 
were deployed at 1,095, 1,895 and 3,495 m, at Site S, 700, 1,600 
and 3,400 m. Microfossil assemblages were examined to deter- 
mine the changes in the fluxes and species abundance associated 
with the marked changes in organic carbon fluxes measured in 
the sediment traps. In addition, we wanted to determine if the 
known distributions of radiolaria and silicoflagellates in surface 
sediments of the equatorial Pacific could be used to infer the 





m - LETTERS TO NATURE: 


м 
o 
o 





Cup 3 
Cup 2 





Corg (H9 спі2уҒ3) 
€ org (HO cmi yr h 


JFMAM JJ ASO ND SF 





% Total ‘radiolaria 


nature of oceanographic conditions associated with changes in 
organic carbon transported to the deep sea. 

The >63 pm fraction from sample splits was used to make 
quantitative radiolarian microfossil slides using a technique 
described elsewhere”. The average total count of radiolaria in 
each of the 24 trap samples was 750 with 142 species identified. 
The «63 um fraction from each of the samples was used for 
preparing silicoflagellate slides. Approximately 250 silico- 
flagellates were counted in each sample with three species 
identified.. 

The estimated fluxes of radiolarian shells in the >63 pm 
fraction range from 65 to 332 shells ст? уг”! at Site S and from 
89 to 558 shells cm ? yr! at Site C. These fluxes are a factor 
of 3-10 less than those measured by Takahashi! who studied 
radiolaria in both the coarse and fine fractions at stations in the 
tropical Pacific and Atlantic. Comparison of individual radio- 
larian species fluxes estimated in the Site S and C traps and 
those of Takahashi? are in good agreement. For example, the 
maximum fluxes measured for the species Heliodiscus asteriscus, 
Spongaster tetras tetras and Pterocorys zancleus are 2, 6, and 18 
shells cm ? уг”! as compared with other trap experiment values 
for these species of 1-2, 1-2 and 7-26 shells ст”! уг”! respec- 
tively’. 

The organic carbon flux data used in this study is from ref. 
4. The flux of organic carbon shows a marked response to the 
oceanographic events of 1982-83. During the early part of the 
trap deployment, organic carbon flux was at a minimum at Site 
C (Fig. 1). This would be expected from the general picture of 
reduced equatorial circulation associated with the El Nino event 
of 1983. However, the carbon flux measured at Site S at 11°N 
was extremely high (—270 pg cm ? уг !). This flux is one of the 
highest 3-month values measured in the open ocean by the OSU 
trap programme (J. Dymond, personal communication). As the 
year progressed, organic carbon flux in the Site S traps fell 
dramatically to levels below 80 pg cm? yr’, whereas at Site C, 
the carbon flux increased to a maximum value (Fig. 1). On an 
annual basis, the carbon flux was higher at Site S than at Site 
C. This is contrary to the expectation that Site C, within the 
equatorial divergence, would have the higher organic carbon 
flux as compared with Site S at the edge of the equatorial 
productivity belt. 

We have found that the relationship between the fluxes of 
either total radiolarian shells or individual species fluxes is not 
as closely related to the flux of organic carbon (ғ? = 0.04-0.49) 
as the relationship between radiolarian species composition and 
organic carbon fluxes (r*=0.17-0.87). Thus, we present here 
only the results from the comparison of radiolarian species 
composition and trap-measured organic carbon flux. 
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Fig.1 Organic carbon fluxes at: a, Site S; and 
b, Site C for 1983; months abbreviated as single 
letters. Relative abundances of rediolarian 
(labelled A to E) and silicoflagellate (F and G) 
species at Site S (c) and Site C (d). Scale for 
radiolaria is to the left of frames c and d, 
silicoflagellates to the right. A, H. enthacanthum 
B, D. tetrathalamus, C, T. octacantha/ O. 
stenozona, D, P. minythorax, E, B. auritus- 
australis, F, D. pulchra, and G, D. calida. 
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The results from the analysis of radiolarian species composi- 
tion in the sediment trap samples are also shown in Fig. 1. The 
percentages of five radiolarian species are displayed for each 
of the four seasonal samples. The five species of radiolarian 
were selected for detailed study based on their distribution in 
surface sediments from the equatorial Pacific?$, and all are 
important components of the deep-sea sediment 
thanatocoenoses. 

Tetrapyle octacantha/ Octopyle stenozona (counted together in 
both sediment traps and surface sediment samples) are one of 
the more abundant species of the equatorial region with highest 
abundances found in the eastern subtropical Pacific. Hexacon- 
tium enthacanthum is found in the eastern equatorial Pacific in 
lower abundances thanT. octacantha/ O. stenozona, and also in 
the California Current region. Didymocyrtis tetrathalamus is also 
a tropical species but, unlike the previous two species, is found 
in highest abundances in sediments of the western Pacific. 

Two other species were examined because of their association 
with eastern boundary currents and the equatorial divergence 
zone. Pterocorys minythorax is found in highest abundance in 
the eastern equatorial Pacific and Peru Current region and in 
minor percentages off the southern coast of Baja California and 
Central America. Botryostrobus auritus-australis is found in the 
Peru and California Currents and in a narrow band along the 
Equator®. Thus, we hypothesize that increased equatorial diver- 
gence and its associated productivity would favour the increased 
abundance of these two radiolaria as compared with the other 
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Fig. 2 Relative abundance of radiolarian species versus organic 
carbon flux in the near surface traps at Site C and Site S. Letters 
represent the same species as in Fig. 1. 
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Fig. 3 Combined biogenic silica flux from all traps at all depths 

versus the total flux of silicoflagellates. ж, Site C; @, Site S. 

Correlation coefficient of data (excluding the very high opal flux 
from cup 2 at Site S) equals ғ? = 0.94. 


subtropical forms. The differing radiolarian fauna found in the 
eastern equatorial and western Pacific would also be useful in 
identifying different circulation patterns associated with the 
unusual oceanographic events of 1983 (refs. 7-9). 

The data from the trap deployments support these hypotheses. 
A simple relationship is observed between the percentages of 
the inferred *productivity' species P. minythorax and B. auritus- 
australis and the flux of organic carbon with increased percen- 
tages of these species corresponding to increased organic carbon 
flux (Fig. 2). The species T. octacantha/ O. stenozona decreases 
in abundance with increasing organic carbon flux. A forced 
negative correlation between these species is not likely for two 
reasons. First, these species make up «2096 of the total radio- 
larian count in which 142 species were identified. Second, up 
to 2096 of the total count was not identified. Thus, at Site S, 
the marked changes in organic carbon flux due to the El Nino 
even of 1983 are reflected by changes in species abundance 
(Fig. 2). 

At Site C, the relationship between carbon flux, radiolarian 
fauna and oceanographic events differs from that at Site S. The 
changes in the ‘productivity’ species shows very little correlation 
with the organic carbon flux (ғ? = 0.11). We feel that this reflects 
the marked faunal abundance change which occurred during 
the sampling period. Twenty-five species, including T. octa- 
cantha/ О. stenozona and D. tetrathalamus, have their highest 
abundance in cup 2 at Site C. 

Sea-surface temperatures at Site C show a marked warm 
anomaly during the early part of the deployment, returning to 
near normal conditions by July of 1983 (ref. 4). This anomalously 
warm water, which was observed at the Equator throughout the 
Pacific? (but not at Site S), was a result of anomalous eastward 
transport along the Equator. The relative abundance of radio- 
laria at Site C indicates the presence of western Pacific waters 
during the early part of 1983. Comparison of the radiolarian 
fauna with surface sediment distributions shows that the sedi- 
ment samples most similar to the fauna found in cups 2 and 3 
of Site C are from the far western equatorial Pacific (Table 1). 
The fauna in cups 4 and 5 of Site C and all the cups of Site S 
most resemble samples from the eastern equatorial Pacific and 
Panama Basin (Table 1). Thus, at Site C where a major abund- 
ance change in the fauna occurred during the deployment, less 
correlation is found between the radiolarian fauna and organic 
carbon flux changes. 

Silicoflagellates also demonstrate a marked response to the 
ЕІ Niño event. Seasonal silicoflagellate fluxes ranges from 73 
to 1,277 shells cm ? yr ! at Site S and 365 to 14,600 shells 
cm ? yr at Site C (Fig. 3). A similar range in fluxes has been 
reported in traps from the eastern equatorial Pacific!^. 

In general, silicoflagellates are a minor constituent (~1%) of 
the opal flux. This is especially true at Site S where the «63 um 
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Table 1 Comparison between sediment trap and surface sediment 
radiolarian assemblages 








Trap Surface Similarity 
sample sediment* measuret 
Site S (700 m) 
(11° N 140° W) 

Cup 2 Y71-9-85 0.89 
(5°S 087° W) 

Cup 3 V24-046 0.95 
(1° N 087° W) 

Cup 4 Y71-9-91 0.93 
(6°S 115°W) 

Cup 5 V18-324 0.89 
(8° N 107° W) 

Site C (1,095 m) 
(1° N 139° W) 

Cup 2 RC13-23 0.97 
(0° N 175° W) 

Cup 3 RC10-136 0.96 
(10° S 154° E) 

Cup 4 V21-207 0.69 
(0% 100° W) 

Cup 5 RC10-249 0.91 


(7° N 087° W) 





* Samples listed are surface sediment samples which had the highest 
similarity value with the listed trap sample. Samples were selected out 
of a set of 191 samples. Thirty-four species were used and the average 
sediment count was 550 radiolarians per sample. 

1 The cos 8 measure of similarity was used. This index ranges in value 
from 0.0 to 1.0 with a value of 1.0 indicating that all inter-species ratios 
in the two samples being compared are identical. 


fraction and opal flux are dominated by diatoms. However, at 
Site C there is a marked increase in the silicoflagellate to diatom 
ratio in the fine opal fraction as compared with Site S. Unlike 
the flux of radiolaria shells in the coarse fraction, the flux of 
silicoflagellates are highly correlated (ғ? = 0.95) with the flux of 
biogenic silica (Fig. 3). The very high opal flux measured in cup 
2 of Site S is the result of a large increase in the diatom species 
Thalassionema bacillaris and Thalassiothrix longissima, and is 
not reflected by an increase in silicoflagellates. 

The silicoflagellate assemblage at both sites is dominated by 
Dictyocha messanensis a species common throughout the North 
Pacific", Distephanus pulchra? and Dictyocha calida. Dis- 
tephanus pulchra, a species associated with high productivity in 
the Gulf of California!^!^, is ~15% of the assemblage at Site 
C and 30-50% at Site S, mirroring the shift of ‘productivity’ 
species in the radiolarian results. 

The succession of the silicoflagellates at both sites supports 
the results of the radiolarian studies. At Site S, the three 
dominant equatorial silicoflagellate species are present 
throughout the deployment period. Variations in D. calida, 
typical of the warmer waters of the equatorial Pacific'’, follows 
the temperature patterns observed at this site. During the early 
part of the year when temperatures were at a minimum, D. 
calida is found in lowest abundance (Fig. 1). As temperatures 
increased during the spring and summer this species increased 
in relative abundance. The species D. pulchra, associated with 
high productivity, is found in highest abundance in cup 3, which 
has the highest organic carbon flux (Fig. 1). The percentage of 
this species decreases 5096 in the latter part of the vear. 

At Site C, there is a marked change in the silicoflagellate 
assemblage during the sampling period. Dictyocha calida is not 
found during the first half of the sampling period and reaches 
abundances similar to that at Site S in cup 5 (Fig. 1). Distephanus 
pulchra is also found in very low abundances іп cup 2 (<2%) 
as compared with the latter sampling intervals. Thus, the oceano- 
graphic events of 1983 are reflected in significant faunal and 
floral change within the equatorial band but not at 11? N. 
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Results from the analysis of the Sites S and C traps differ 
from previous studies in two important ways. It has been sug- 
gested that dissolution does not significantly alter the sinking 
radiolarian population? but comparison of trap and surface 
sediment populations showed that there were significant 
differences between the two!’. We found that up to 25% of the 
settling radiolaria are rare in the underlying sediments and 
significant loss of these weakly silicified species was noted within 
the vertically distributed traps. Three species (Dictyophimus 
spp., Lithomelissa thoracites and Peridium spp.) account for 
most of the weakly silicified fraction with a combined average 
of 14% of the total count at Site S and 17% at Site C. These 
three species are important components of the radiolarian 
assemblage found in sediments in the Gulf of California! but 
are not common in sediments from the equatorial Pacific. More 
importantly to palaeoclimatic and palaeoceanographic studies, 
dissolution does not seem to alter selected microfossil com- 
ponents within the radiolarian thanatocoenoses. Comparison of 
our trap sample species abundances and an adjacent surface 
sediment sample from core RC11-210 (1? N 140? W) using only 
species studied in palaeoclimate reconstruction?!" shows very 
high similarity. The comparison was made by taking a weighted 
sum (weights were set equal to the radiolarian flux in each 
sample) of radiolarian species abundance in the four samples 
from the shallowest trap at Site C. The calculated similarity with 
a near surface sample of core RC11-210 was 0.91. Samples from 
the Site S traps could not be compared with sediments from the 
deployment area as this region of the Pacific is characterized 
by extensive sediment reworking so that Eocene to late Miocene 
radiolarian species are found in the near surface sediments. 

In contrast, silica dissolution has a significant impact on the 
silicoflagellate assemblage. Distephanus pulchra is an important 
component in both the Site S and Site C traps. However, this 
species is not found in the surface sediment at either of the two 
sites studied and Poelchau!! and D.M. (unpublished data from 
Manop Sites H and M) only found it in high abundance in 
northeastern equatorial Pacific sediments beneath areas of high 
opal sedimentation rates. This indicates that the distribution of 
D. pulchra in deep-sea sediments is controlled largely by dissol- 
ution, and ecological interpretation of this species from deep-sea 
sediments must be made with caution. 

This study supports the contention that sediment trap studies 
provide important information about the transfer of biogenic 
components from their production in the near surface ocean to 
final burial in deep-sea sediments. Also, the study of microfossils 
in traps not only provides valuable information about the 
ecology and surface ocean conditions reflected in the fossil 
species preserved in deep-sea sediments, but in turn microfossil 
studies provide important information needed to interpret pro- 
cesses controlling the transfer of organic components to the 
deep-sea. 
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Prochlorophyta, suggested as a new division of prokaryotes!, lack 
phycobilin pigments characteristic of cyanobacteria, but contain 
chlorophyll b as well as chlorophyll a, characteristic of green 
algae and higher plants. Since the description of Prochloron 
didemni as the type species for this division", no other genera or 
species have been added to the group. The only published accounts 
of Prochloron are obligate symbionts of didemnid ascidians’, which 
are difficult to grow in the absence of their hosts*. Consequently, 
research on their cell composition and physiology has been handi- 
capped. Here, we report a second prochlorophyte. This organism 
is one of the dominant species in the shallow eutrophic Loosdrecht 
lakes in The Netherlands, from which it was isolated in 1984. 
Unlike Prochloron, the newly isolated species is filamentous and 
planktonic. Detailed investigation of its cell structure, composition 
and physiology is possible as it can easily be grown in a mineral 
medium. 

Batch cultures of the strain were maintained on an orbital 
shaker at 20?C in a mineral medium? at a photon-flux density 
of 30 «Em ? s^! (warm, white fluorescent lamps) and an alter- 
nating light/dark regime of 16 h:8 h. The strain was character- 
ized by pigment analysis, electron microscopy and growth 
response in the presence of antibiotics. 

Pigment analysis by HPLC (ref. 6) shows the distinct peak 
and retention time characteristic of chlorophyll b (Fig. 1A). 
After fractional separation, spectrophotometric analysis con- 
firmed the presence of chlorophyll b, with absorption maxima 
at 454 and 643 nm and an absorbance (А44/ A643) ratio of 2.82 
(Fig. 1B)’. 

Chlorophyll a contents determined from turbidostat cultures 
vary between 6 and 36 mg per g dry weight, depending on 
irradiance level. Preliminary results indicate that the chlorophyll 
a/b ratio is rather constant at photon-flux densities ranging 
from 4 to 150 pE m ? s^!. The chlorophyll a/b ratio varies 
between 8.1 and 9.0 and is relatively high compared with the 
ratio commonly found for green algae (2-3)? and for Prochloron 
(4-7). 





Table 1 Pigment composition determined by HPLC 





Dry weight 
(ug mg’) 

а p-Carotene : 4.1 

b Phaeophytin a 0.8 

c Not identified* ND 

d Chlorophyll a’ 0.7 

e Chlorophyll a 24.0 

f Chlorophyll b 3.0 

g Zeaxanthin 3.5 

h Not identifiedt ND 

i Not identifiedt ND 


i 


Letters in left-hand column refer to peaks in the absorbance 
chromatogram of Fig. 1A. ND, not determined as there is no available 
standard. 

* Probably canthaxanthin; t probably derivatives of zeaxanthin. 
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Fig. 1 А, Absorbance (440 nm) chromatogram obtained by HPLC 

(normal phase, 1,200 p.s.i., semi-preparative column, eluent: 25% 

acetone in hexane) of an extract of the Loosdrecht isolate. a-i, 

Peaks of individual pigments listed in Table 1. B, Absorption 
spectrum of compound f. 


No water-soluble pigments could be detected using the extrac- 
tion technique described by Tandeau de Marsac?. In attempts 
io stimulate the formation of phycobilin pigments, cultures 
were grown in green light or at a low photon-flux density 
(4рЕ m? s^'), but in neither case were phycobilin pigments 
found. 

The carotenoid composition (Table 1) resembles that of cyano- 
bacteria as no a-carotene and lutein were detected by HPLC 
(Fig. 1A). Lutein is usually found to be the major carotenoid 
in green algae, zeaxanthin and B-carotene being less abundant, 
whereas the latter two pigments are often dominant in cyanobac- 
teria! Echinenon, a characteristic carotenoid for most 
cyanobacteria, although not found in Anacystis nidulans", is 
absent in this organism. 

Cytology of the cells, including the photosynthetic mem- 
branes, was best preserved after pre-fixation in glutaraldehyde 
and post-fixation in KMnO, (ref. 13) (Fig. 2A). Thin sections 
of filaments fixed by this method indicate that the thylakoid 
membranes are present only at the periphery of the cells. Phy- 
cobilisomes are not present (Fig. 2C) and the photosynthetic 
rnembranes are not separated from the cytoplasm by a bounding 
membrane, that is, chloroplasts are not present. We did not 
observe other membrane-bound organelles. In cells fixed by 
glutaraldehyde/OsO,, a nucleoplasmic region surrounded by 





Table 2 Inhibition of growth of batch cultures of the Loosdrecht isolate 
(LI), О. agardhii and S. protuberans 





Con- 
centration О. 5. 
Antibiotic (тар 17!) LI agardhii protuberans 

Cycloheximide 1 G I 
Cycloheximide 2 G G 
Cycloheximide 20 G/I G/I 
Chioramphenicol 0.2 I 
Chloramphenicol 2 I I 
Chloramphenicol 20 I G 
Cephalosporin 3 I 
Cephalosporin 30 I I G 
Cephalosporin 300 I 


1, inhibition; G, growth. 
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Fig.2 А, Survey of a cell, fixed in glutaraldehyde/KMnQ,, to 
show overall morphology. The thylakoid membranes are localized 
close to the cell wall. Arrow, cytoplasmic polyhedral bodies. 
x11,520. B-D, Details of cells to show the presence of DNA 
(arrows) in the cytoplasm (B, glutaraldehyde/OsO,; x49,920), the 
substructure of the thylakoid membranes (C, glutaraldehyde: 
KMnO,; x76,320) and the cell wall (D, glutaraldehyde/OsO,. 
x28,800). 


ribosomes can be distinguished in the central region (Fig. 28). 
Another characteristic of prokaryotes is the presence of 
polyhedral bodies (Fig. 2A), which are thought to represent 
сатрохуѕотеѕ!“. 

The cell wall resembles that of cyanobacteria and Gram- 
negative bacteria (Fig. 2D). The thick electron-dense layer adja- 
cent to the plasmalemma is probably peptidoglycan'*. No 
mucilaginous sheath was found. 

Growth inhibition experiments confirm the prokaryotic nature 
of the cells. We added cycloheximide (Boehringer), chloram- 
phenicol (Sigma) or cephalosporin (Eli Lilly) to freshly diluted 
batch cultures of the new organism, of the prokaryote Osct- 
latoria agardhii and of the eukaryote Scenedesmus protuberans. 
Cycloheximide is known to inhibit eukaryotic protein synthesis 
by blocking the action of 80S ribosomes. Table 2 shows that 
cycloheximide inhibited growth of S. protuberans at a concentra- 
tion of 1 mg 171, whereas 20 mg 17" of cycloheximide was only 
slightly inhibitory to the growth of O. agardhii and of the new 
prochlorophyte. Chloramphenicol inhibits protein synthesis on 
70S ribosomes, not only those present in prokaryotes, but also 
those in chloroplasts and mitochondria of eukaryotes. However, 
chloramphenicol does not inhibit the growth of eukaryotes if it 
is applied in low concentrations, as we demonstrated in control 
experiments with S. protuberans, which still grew at a chloram- 
phenicol concentration of 20 mgl !. For both О. agardhii and 
the new Loosdrecht isolate, growth was inhibited over the whole 
range of inhibitor concentrations. Cephalosporin acts as an 
inhibitor of cell-wall synthesis in prokaryotes!^. Table 2 shows 
that no growth occurred in batch cultures of O. agardhii and 
of the Loosdrecht isolate after addition of cephalosporin. The 
growth of S. protuberans was not affected by cephalosporin. 

Thus, the newly isolated organism seems to be a ‘normal 
prokaryote with respect to its cytoplasmic ultrastructure, cell- 
wall structure and its response to antibiotics. We have shown 
that a photosynthetic apparatus consisting of chlorophylls a 
and b is not strictly restricted to eukaryotic algae and higher 
piants, and thereby have confirmed the earlier observation of 
Lewin'. With regard to structure and pigment composition, the 
alga is comparable to Prochloron. 

The discovery of a second prokaryote containing chlorophyll 
b contributes to the taxonomic and phylogenetic discussion on 
Prochlorophyta, particularly as the newly isolated species can 
easily be grown in batch as well as continuous cultures. 
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Treisman and others"? have reported that the visual search for a 
target distinguished along a single stimulus dimension (for 
example, colour or shape) is conducted in parallel, whereas the 
search for an item defined by the conjunction of two stimulus 
dimensions is conducted serially. For a single dimension the target 
‘pops out’ and the search time is independent of the number of 
irrelevant items in the set. For conjunctions, the search time 
increases as the set becomes larger. Thus, it seems that the visual 
system is incapable of conducting a parallel search over two 
stimulus dimensions simultaneously. Here we extend this con- 
clusion for the conjunction of motion and colour, showing that it 


requires a serial search. We also report two exceptions: if one of 


the dimensions in a conjunctive search is stereoscopic disparity, a 
second dimension of either colour or motion can be searched in 
parallel. 

Visual search experiments were conducted with the aid of a 
Commodore 64 microcomputer and colour television monitor. 
Two types of experiment were performed, those where the 
Observer's task was to see the unique target which differed from 
all others in one dimension only (simple); and those where the 
observer had to find the unique target which was defined by 
two dimensions (conjunction). The stimulus consisted of a vari- 
able size array containing either 15, 25 or 35 targets (see Fig. 
1). Each of these targets was a random pattern containing 16 
picture elements or pixels. Depending on the experiment (see 
Fig. 2), the targets were clearly distinguishable either in terms 
of colour (red versus blue), motion (up versus down) or stereo- 
scopic depth (either in the fixation plane or in front). In the 
case of stimulus motion, each target formed a rectangular 'aper- 
ture' behind which a continuous array of random dots could be 
moved, either up or down. 

The observer was aware of the particular dimension(s) to be 
searched before the beginning of each block of trials; the task 
was to press a button as soon as the target was seen. To eliminate 
false-positives, the array remained visible for an additional 
800 ms after the response. This enabled the observer to scrutinize 
the display and to verify whether his identification was correct. 
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Fig. 1 The stimulus array contained either 35 targets (7 rows), 25 
targets (5 rows) or 15 targets (3 rows) and was bordered with a 
frame to ensure stereoscopic fusion in the binocular experiments. 
For observer K.N., the stimuli had the following parameters: target 
size 0.4x0.5°, frame size 7.5X13°, vertical spacing of targets 
(1.09), horizontal spacing of targets (1.2°), disparity 20 arc min, 
velocity 3.75? s^!. АН stimulus parameters were 25% smaller for 
observer J.S. І 


Fig. 2 а, Schematic description of the simple one-dimensional 
search for a discrepant motion. The observer must find the single 
target that has the anomalous motion with respect to all motions, 
targets are randomly coloured. b, Conjunctive search for colour 
and motion. Blue distractors move down, red distractors move up. 
The target breaks this pattern and is either a blue moving up or a 
red moving down. c, Conjunctive search for stereo and motion. 
All distracting targets in the front plane are moving up and those 
in the back plane are moving down. Relevant target either is in 
front and moves down or in back and moving up. d, Conjunctive 
search for stereo and colour. Distracting targets in the front plane 
are blue and those in the back plane are red. Relevant target is 
either red in front or blue in back. Open symbols, blue colours; 
filled symbols, red colours. Target to be found is marked by small 
pointer. 


The data associated with mistakes were discarded. 

Each set of experiments had the same overall design and 
differed only in the choice of stimulus dimensions to be searched. 
In any given experiment, two stimulus dimensions were used: 
motion-and-colour (M-C); stereo-and-motion (SM), or stereo- 
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Fig. 3 Reaction times plotted as a function 
of the number of elements in the set to be 
searched. Results from two classes of experi- 
ments are shown. Conjunction: motion- 
colour (M-C), stereo-motion (SM), stereo- 
colour (SC). Simple: colour (C), motion (M), 
stereo (S). Note that for the conjunctive 
search of M-C, the anomalous target becomes 
more difficult to find as set size increases. This 
is not the case for the conjunction of SM or 
SC. All plotted reaction times represent the 
mean of at least 40 separate trials, preceded 
by at least 40 unscored practice trials. 


Reaction time (5) 


and-colour (SC). For the simple search, the observer was 
required to find the target that was distinguished by a unique 
feature along a single dimension. In the case of motion (M) it 
was the target which moved in the opposite direction to all 
others, with colour being randomly assigned to all targets on 
an equiprobable basis (Fig. 2a). For the case of stereo (S), it 
was the single target which had a different binocular disparity 
from all other targets, with colour being randomly assigned to 
the targets on an equiprobable basis. For the case of colour (C), 
it was the single target which had the odd colour with the 
different directions of motion being randomly assigned. 

Our first set of experiments extend and confirm previous 
work'? showing that the search for a single feature is conducted 
in paraliel. Reaction times are short and remain constant as the 
set size increases. Lower reaction time functions designated C, 
S and M (Fig. 3) refer to the simple search for colour, stereo 
and motion, respectively. All indicate that for the single- 
dimensional search, the processing is pre-attentive and effortless. 

Conjunctive search, however, has been shown to require serial 
processing. We therefore expected that a search requiring the 
conjunction of motion and colour would also be conducted in 
serial The irrelevant targets (distractors) for this experiment 
were coloured either red or blue on a random equiprobable 
basis, with upwards motion linked to the red distractors and 
downwards motion linked to the blue. The relevant target broke 
this pattern, so it could be either a red moving down or a blue 
moving up (Fig. 2b). Compared with the simple search, obser- 
vers found this task to be extremely difficult —they were unable 
to perform a parallel search for the anomalous motion over a 
given colour. Instead, they resorted to searching very small 
portions of the display, almost target by target. These subjective 
impressions were amply supported by the reaction time func- 
tions. The М-С function rose steeply (2100 ms per item) for 
increasing set sizes, confirming our expectation that the conjunc- 
tive search for motion-and-colour is indeed serial (Fig. 3). 

In our final set of experiments we introduced the conjunction 
of stereoscopic disparity with either motion or colour. We gener- 
ated two separate images on the television monitor and used 
crossed-polaroid filters to obtain the necessary dichoptic separ- 
ation to produce the stereograms. The fixation plane was defined 
by a rectangular border which enclosed the targets and was 
always visible between trials. The individual targets were ran- 
domly assigned to either depth plane with equal probability. 
For the case of stereo-and-motion, the distractors in the front 
plane were always moving up and those of the back plane were 
always moving down. The target to be found was either moving 
down in the front plane or moving up in the back plane (Fig. 
2c). For the case of stereo-and-colour, the distractors in the 
front plane were always blue and those in the back plane were 
always red. The target to be found was either a red in the front 
plane or a blue in the back plane (Fig. 2d). 

In comparison with the case of motion-and-colour, these 
conjunctive tasks were qualitatively different and much easier. 
The observer had the distinct impression that each plane could 
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be searched almost effortlessly, in turn. Correspondingly, the 
reaction time functions for each of these searches are constant 
over set size, never rising to the high values of reaction time 
which we found for the M-C search. This can bc seen in the 
functions for SM and SC in Fig. 3. it seems that the visual 
system can perform a parallel search in one depth plane without 
interference from target-like distractors in another depth planc. 

Our data suggest that the visual system can sequester process- 
ing or restrict attention in the spatial dimension (see refs 4, 5) 
but not to other visual dimensions such as colour and motion. 
Treisman? found that observers can attend to different two- 
dimensional loci in a complex visual scene, serially, yet perform 
a search within a given two-dimensional region, in parallel. We 
show that an analogous process occurs with different stereo- 
depth planes. Each depth plane can be processed in turn, allow- 
ing a parallel search within each plane. 

We speculate that retinal disparity in addition to retinal locus 
has priority when compared with other visual stimulus 
dimensions; perhaps they constitute a set of primary indices to 
which the other visual attributes are linked®. As such, the results 
can be related to the anatomical organization of visual cortical 
projection areas, suggesting a segregation and duplication of 
visual features according to disparity. Thus, visual features of 
motion and colour at one disparity could be separately encaded 
and duplicated at other disparities. This notion of conjunctive 
parallel processing for dimensions linked to disparity finds a 
neurophysiological correlate in visual cortex area MT for the 
case of stereo motion® where single celis are selectively tuned 
to both direction and disparity. The existence of comparable 
cells selective for both colour and disparity has yet to be 
reported. 

Conversely, the serial search associated with the conjunction 
of motion and colour seems to preclude the existence of single 
units selectively tuned to both motion and colour, consistent 
with recent evidence regarding the functional segregation of 
colour and motion information within cortical area V2 (refs 
7-10) as well as their separate corresponding target destinations 
in V4 and MT. Cells in V4 are sensitive to wavelength differences 
but not to the direction of motion’, whereas MT cells are 
sensitive to motion and not to wavelength". 

This work was supported in part by grants 5P 30-EY01186 
and EY 05408 from NIH and (83-0320) from AFOSR. 
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In embryonic nervous systems, growing axons must often travel 
long distances through diverse extracellular terrains to reach their 
postsynaptic partners. In most embryos, axons grow to their 
appropriate targets along particular tracts or nerves, as though 
they were following guidance cues confined to specific pathways". 
For example, in all vertebrates, axons from the retina invariably 
grow to the tectum along the well-defined optic tract**. Yet, 
transplant experiments demonstrate that retinal axons make tectal 


Fig.1 a-c, Whole-mounts of normal embryonic 
Xenopus brains with labelled optic pathways, 
viewed laterally (a at stage 33/34, c at stage 
35/36). b, Growth cones from a at higher mag- 
nification. 4-В, Camera lucida drawings of brains 
fixed at stages 33/34-40, during which time the 
retinotectal projection normally develops. Dotted 
lines in c and in most of the camera Incida draw- 
ings show the three major subdivisions of the 
brain: Fo, forebrain; Mi, midbrain; Hi, hindbrain 
(see g). h, The protocol for estimating the coor- 
dinates of the central tecta! neuropil (Tn): a line $ 
was drawn from the area of the chiasm (y) to the , Ё 
midpoint of the dorsal midbrain (y^); at right 
angles to this, a second line was constructed from 
the boundary between the midbrain and hind- 
brain (x) to the dorsal-most boundary between 
the forebrain and midbrain (x^). These lines were 
normalized and served as axes in a cartesian 
coordinate system. Next, in this stage-40 embryo, 
a star was placed on the area of most dense 
midbrain innervation, the tectal neuropil (as 
determined from visual inspection), and the coor- 
dinate pair that best represented this estimated 
tectal centre was recorded. In this case the respec- 
tive (x, y) values were (0.57, 0.70). This procedure 
was repeated for seven animals at stages 39 and 
40 and yielded an average result of (0.55 +0.06, 
0.73+0.03; mean+s.d.). These average values 
were used as the location of the estimated tectal 
neuropil (ETn) in all experimental animals (see 
Figs 2, 3) and in normal embryos at stages when 
retinal axons had not yet reached the target, as 
shown in a and d. This quantitative method of 
estimating the location of the tectal neuropil was 
necessary because there are no visible indepen- 
dent markers of this structure at early stages. The 
high reproducibility of the coordinate values in 
control animals indicates that this method gives 
a very reasonable, if imprecise, location of the 
target area. Ch, chiasm; Te, telencephalon; Di, 
diencephalon; Tcm, tectal cell mass; Pi, pineal; 
Ну, hypothalamus. | 

Methods. To label embryonic retinal projections, 
HRP was injected locally using the following 
procedure. The cornea and lens were removed 
from anaesthetized and restrained animals and a 
glass pipette with a terminal bore of —30 рт, 
partially filled with a solution of 20% HRP in 
296 lysolecithin, was inserted into the lens cavity. 
By application of gentle pressure at the back of 
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projections even though they enter the brain at locations which 
are distinctly off the optic tract", Only recently has it become 
possible to label discreet growing projections in the embryonic 
vertebrate brain", Thus, it is not yet known whether displaced 
retinal axons grow directly towards the tectum or find it accidently, 
through random extension. To resolve this question, pioneering 
axons from normal and transplanted eyes in embryonic Xenopus 
were labelled using a short-survival horseradish peroxidase (HRP) 
method*, and their orientation during growth was quantitatively 
assessed. The finding that the ectopic fibres head towards their 
distant targets implies that guidance cues are not restricted to 
specific pathways but are distributed throughout the embryonic 
brain. The significance of this result is discussed with respect to 
the ontogeny and evolution of the visual pathway. 
Xenopus embryos at  —24h post-fertilization (РЕ) 


(Nieuwkoop and Faber’? (NF) stage 24) were prepared for 
surgery in modified Ringer’s solution with anaesthetic (0.01% 
tricaine) and antibiotics (25 pg mI gentamycin). Eye primor- 






the pipette, the label was forced onto the vitreal surface of the retinal cup. After about 5 min of superfusion of the retina, the embryo was 
allowed to recover for 15-30 min, after which it was again anaesthetized and then immersed in ice-cold fixative (1.5% glutaraldehyde and 2% 
paraformaldehyde in 0.1 M phosphate buffer). After 1 h of fixation, the embryo was rinsed overnight in buffer, and the brain was dissected 
out and treated histochemically with diaminobenzidine to allow visualization of HRP. The brains were then dehydrated and mounted in 


methyl salicylate or Fluoromount for examination as whole-mounts. 
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Fig. 2 Ectopic projections at the time of fibre 
arrival in the tectum in three animals at stages 
37/38 and 39. a, b, Photograph of the same stage- 
37/38 whole-mount (arrow marks entry point); c, d, 
camera lucida drawings of two other cases. Stars 
indicate the estimated tectal neuropil (see Fig. 1). 
Note that the ectopic axons migrate to this location. 
b, The control pathway in same animal as a. The 
brain was photographed from the other side and 
the print made from the reversed negative; this 
gives the impression that we are focusing through 
the brain. Note that in b the shadow of the ectopic 
pathway is still visible and can be compared 
directly with the normal optic pathway. The only 
overlap is at the tectal neuropil, indicating that the 
ectopic fibres have reached the normal target by a 
novel pathway. The entry points (arrows) of the 
transplanted optic fibres in both a and c are within 
the midbrain, and the projection is almost entirely 
to the ipsilateral tectum. In d, the transplanted 
nerve entry point is near the junction between 
midbrain and hindbrain and, ín this case, some 
fibres travel down the spinal cord while the rest 
travel to the tectum. 


dia, including epidermis and optic stalk, were excised and inser- 
ted into an excavation in the other side of the head of the same 
embryo. Usually the eye contralateral to the excised one was 
left in place to ensure that the optic stalk of the transplant healed 
into the brain at a separate location from that of the control 
eye. In these cases the embryo developed with two eyes on the 
same side of its head, a sort of artificial flounder. In some 
instances, the contralateral eye was removed because it obstruc- 
ted a desired ectopic transplant site. After the transplant had 
healed into place (—10-30 min) the embryo was removed to a 
1096 Holtfretter's!^ solution where it remained until the stages 
at which the normal retinal axons invaded the brain and grew 
towards the tectum (NF stages 33/34-40; 44-66 h PF). At these 
stages the retinotectal projections of both normal and experi- 
mental animals were labelled with HRP (see Fig. 1 legend). The 
orientation of the displaced axons with respect to their target 
was assessed using a quantitative method for estimating the 
location of the tectal neuropil (see Fig. 1 legend), combined 
with the construction of an orientation index (see Table 2 for 
details). 

The development of the retinotectal projections in whole- 
mounts of the Xenopus brain was examined in 46 normal and 
25 experimental embryos. The normal cases (Fig. 1) showed that 
by stage 33/34 (44 h PF, Fig. 1a, d), leading axons are usually 
in the ventral or mid-diencephalon and climbing towards the 
tectum. At stage 35/36 (50 h PF, Fig. 1c, e) the axons arrive at 
the dorsal diencephalon, and the first axons reach the tectum 
at about stage 37/38 (53 h PF, Fig. 1f). During stages 39 (56h 
РЕ) and 40 (66h PF, Fig. 1g, h) the innervation of the tectum 
becomes more dense!^P, When the pathway is being forged, 
the pioneering axons are capped with enlarged growth cones 
(Fig. 16). Often many such axons, slightly separated from each 
other, were seen in a single preparation, suggesting that each 
of the early growing axons may be navigating to the tectum 
independently. This is consistent with the recent demonstration 
that the first axons to travel the pathway from eye to tectum, 
the ones originating from the dorsal retina, do not serve as 
necessary pioneers for the later-growing axons from the ventral 
гейпа!56, The notion of independent navigation is also con- 
sistent with the finding for ectopic axons presented below. 

To determine whether ectopic axons grow directly to the 
tectum and innervate it, 14 of the experimental embryos were 
examined at stages 37/38-40, by which time normal optic axons 
would have just reached the tectum. To determine whether these 
ectopic axons orient towards the target from a distance, the 
other 11 embryos were fixed at stages 33/34-35/36, before optic 
axons normally reach the tectum. 
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All 14 of the transplants examined at stages 37/38-40 sent 
major projections directly to the ipsilateral tectum, where most 
of the fibres ended in a dense arborization (Fig. 2). In a few 
cases, where the ectopic entry point into the brain was near the 
normal optic tract, an additional bundle of fibres was seen 
travelling through the chiasm region and towards the contra- 
lateral tectum, the side of origin of the transplant. When the 
transplanted optic nerve penetrated the brain near the medulla, 
some fibres travelled down the spinal cord (Ғір. 24). These 
different secondary projections were expected, as previous 
studies have shown that ectopic optic nerves entering the dien- 
cephalon often send projections to both the ipsilateral and 
contralateral tectum", and optic fibres entering the hindbrain 
in frogs and salamanders travel down the spinal cord in a 
dorsolateral tract? (Table 1). A significant feature of the cases 
reported here is that the ectopic projections were examined at 
the earliest stages that fibres could have innervated the tectum 
even in normal animals. The fact that there were no unsual 
projections implies that these fibres did not head out in arbitrary 
directions at early stages. Rather, almost all of the ectopic fibres 
appeared to have advanced directly towards their targets. The 
present results also show that ectopic axons did not first seek 
the path where the optic tract would normally lie, and from 
there navigate on the normal pathway; they appeared instead 
to run along nearly straight lines between the entry point and 





Table 1 Projections of ectopic optic nerve fibres at the time of reaching 
the tectum (stage 37/38-40 embryos) 








Site of projection 


Ipsilateral Ipsilateral 
Entry point tectum and Ipsilateral tectum and 
of optic nerve chiasm tectum only spinalcord Other 

Forebrain 

(n=3) 3 — -- - 
Midbrain 

(п-б) - 4 2 — 
Hindbrain* 

(n=5) — 1 4 -- 





АП transplants with central projections sent fibres to the ipsilateral 
tectum. In addition, those cases in which the ectopic entry point was 
in the forebrain sent an additional fascicle of fibres into the optic chiasm 
whereas those that entered the rostral hindbrain sent fibres down the 
spinal cord as well as to the tectum (see Fig. 2d). 

* Entries in this row were all very near to the junction between 
midbrain and hindbrain. 





the target, often overlapping with the normal pathway only at 
the tectum (Fig. 25). 

To examine the orientation of displaced axons at stages before 
normal optic fibres would have reached the tectum, experimental 
projections were labelled in even younger embryos. Ectopic 
axons proved similar to normal ones in that at stages NF 33/34 
and NF 35/36, though they had not yet reached the tectum, they 
were growing towards it. In the experimental embryos, ectopic 
fibres oriented towards the ipsilateral tectum (Fig. 3). A quantita- 
tive measure of fibre orientation (the orientation index, OI; see 
Table 2 for details) was obtained by considering the abnormal 
entry point into the brain as the origin in a polar coordinate 
system, with a line directly to the estimated tectal neuropil 
serving as the 0* angle (Fig. 34). When the growth cone-tipped 
fibres (Fig. 3b) were traced by camera lucida techniques onto 
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Fig.4 Orientation graphs of ectopic (a-d) and normal (e, f) 
axons at stages 33/34 and 35/36. Using the ectopic entry point (or 
in normal animals the chiasm) as the origin, camera lucida drawings 
of the fibres were made on polar coordinates with 0? indicated as 
the direct line between the entry point and the estimated tectal 
neuropil. a, Same animal as in Fig. 3d; the rest are different cases. 
In f, dotted lines divide the circle into four quadrants (+, 0, — 
and 0). That most of the fibres in these cases are restricted to the 
(+) quadrant (see also Table 2) indicates that normal and ectopic 
retinal fibres seem to orient towards their targets from a distance. 
In case d a major group of fibres is also heading into the (—) 
quadrant; the entry point in this case is near the midbrain-hind- 
brain junction and these fibres are running towards the spinal cord. 
The schematic insets show the approximate entry points of the 
fibres into the central nervous system for each case. OI, the orienta- 
tion index, which describes a weighted proportion of fibres heading 
towards their targets (see Table 2 for definition of OI). 
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Fig. 3 Ectopic projections before the fibres 
have reached the tectum in three animals (stage 
33/34-35/36). a, Whole-mount of a stage-33/34 
animal viewed laterally. Arrows mark entry 
points and stars indicate the estimated tectal 
neuropils (calculated as described in Fig. 1 
legend). b, A higher magnification of growth 
cones (arrowheads) from a. c, d, Camera lucida 
drawings of two other cases. Note that the fibres 
are heading directly for their estimated targets. 
In d the broken line constructed between the 
entry point and the estimated tectal neuropil 
serves as the 0° line for the polar orientation 
graph shown in Fig. 4a, 


such polar graphs and their orientations analysed statistical 
it became clear that these axons were nonrandomly heading fi 
the tectum (Fig. 4, Table 2). 

The finding that displaced axons orient towards their centr 
target suggests that guidance cues in the vertebrate brain a 
not restricted to particular pathways, but appear to be broad 
distributed, so that axons accidently veering off course c: 
perseveringly ‘home-in’ on their proper targets. This implies 
resilience іп the development of neural connections, and c: 
explain both transplant results and sizeable variations in tl 
projections of normal optic axons to the tectum (Figs 1d, e an 
4e,f) A distributed guidance mechanism may also ha 
evolutionary significance. For example, if variants occur th: 
slightly alter the placement of the eye primordium, as appea 
to have happened throughout vertebrate phylogenesis, th 





Table 2 Orientation of optic nerve fibres before they have reached th 
tectum (stage 33/34 and 35/36 embryos) 





Orientation 
Entry point of optic nerve index 
Chiasm (normal animals, n — 10) 1.00.0 
All ectopic entry points (n = 11) 0.41: 0.18 
Ectopic entry points in forebrain and 
midbrain only (n — 8) 0.69 3: 0.16 


шата сым лгі ылы ылы ласа AUCH CAU MONUI, 

The orientation of projections from both normal and ectopic retin: 
fibres was analysed by assigning an orientation index (OI) to eac 
labelled projection. This was done using the polar graphs shown i 
Fig. 4. Each individual fibre receives a score of +1 if it enters the (+ 
sector (towards the target), 0 if it enters either of the (0) sectors (neithe 
towards nor away from the target), and —1 if it enters the (—) quadrar 
(away from the target). The total OI for an animal is taken as the sur 
of scores for the individual fibres divided by the total number of fibre 
counted. Thus, an OI of 1.0 indicates perfect orientation found i 
normal animals; a score of 0 would indicate no preference, and negativ 
values would indicate that fibres tend to orient away from the tectum 
The average score of 0.4 for all the ectopic projections means that opti 
fibres entering the brain anywhere (within the scope of those represente 
here) are more likely to orient towards the tectum {(+) quadrant] tha 
run in any other direction [(0) or ( —) quadrants]. If one considers on! 
optic fibres that enter the forebrain or midbrain (eliminating all spinz 
cord projections) the OI ríses to near 0.7. The reason that the OI i 
higher when hindbrain entry points are excluded is that a number c 
fibres entering in the hindbrain may be attracted to the alternative targe 
the spinal cord. Thus, for example, the OI of —0.14 in Fig. 4d belie 
the obvious orientation of a bundle of the fibres heading towards th 
tectum in this case. A x? analysis, used to test the random orientatio 
of fibres (that is, 25% to each quadrant) showed that this possibilit 
could be excluded at the Р < 0.005 level. Similarly, a one-tailed student’ 
t-test showed that the percentage of fibres found in the (+) quadrar 
was significantly greater than the 25% random expectation (Р « 0.005; 
Values shown are mean + s.e.m. 
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would not jeopardize the formation of a central visual pathway. 
Such ‘long-range’ or distributed guidance mechanisms may also 
account for the remarkable ability of various brain transplants 
in embryonic or neonatal mammals to make functional connec- 
tions'?, There are, however, limits to the range of these guidance 
cues, for if displaced by too great a distance, ectopic axons may 
fail to project to their normal targets. For example, when the 
optic nerve enters the medulla or cord, spinal rather than tectal 
projections are often made'^!?, The present results suggest that 
the cues for appropriate optic fibre guidance must be distributed 
at least throughout the diencephalon and mesencephalon. The 
molecular nature of these guidance cues is unknown. One might 
suspect a chemotactic mechanism??? with the tectum acting as 
a source of a diffusible attractant. In vitro studies have demon- 
strated trophic effects of soluble factors from the tectum on 
retinal ganglion cell survival and neurite elongation, yet there 
has been no in vitro demonstration of chemotactic guidance in 
this system^??7^, This raises the possibility that growth cones 
can detect cell surface molecules which signal positional infor- 
mation throughout the entire brain???6, 
This work was supported by NIH grant HD-14490. 
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Pathway selection by growth 
cones of identified 
motoneurones in live zebra fish embryos 


Judith S. Eisen, Paul Z. Myers & Monte Westerfield 
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Oregon 97403, USA 


How is the adult pattern of connections between motoneurones 
and the muscles that they innervate established during vertebrate 
development? Populations of motoneurones are thought to follow 
one of two patterns of development: (1) motor axons initially 
follow stereotyped pathways' and project to appropriate regions 
of the developing muscle” ~ or (2) motor axons initially project to 
some regions that are incorrect, the inappropriate projections being 
eliminated subsequently*°. Here we observed individually iden- 
tified motoneurones in live zebra fish embryos as they formed 
growth cones and as their growth cones navigated towards their 
targets. We report that from axogenesis, each motor axon followed 
a stereotyped pathway and projected only to the specific region of 
the muscle appropriate for its adult function!^. In addition, the 
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peripheral arbor established by each motoneurone was restricted 
to a stereotyped region of its own segment and did not overlap 
with the peripheral arbor of the other motoneurones in that seg- 
ment. We conclude that the highly stereotyped pattern of innerva- 
tion seen in the adult is due to initial selection of the appropriate 
pathway, rather than elimination of incorrect projections. 

Zebra fish embryos offer several advantages as a system in 
which to study neuronal development. The embryos are optically 
clear, and development occurs rapidly, so we can follow a 
neurone in a single individual from the time it is first recognizable 
until its axon reaches its targets. Here we observed the growth 
of live motoneurones in trunk segments 6-15 (Fig. 1a, b) with 
Nomarski (Fig. 1c) or fluorescence (Fig. 1d, e) optics. 

Initially there were three motoneurones on each side of the 
spinal cord in each segment (Fig. 15). These cells were recogniz- 
able as primary motoneurones!'"? even prior to axogenesis by 
their large diameter (9.8+0.9 um. (meanzs.d.); 10 cells, 3 
animals) and characteristic ventro-lateral positions within the 
spinal cord. Each primary motoneurone occupied a specific 
location in the spinal cord, and we have named them according 
to this feature (caudal primary, CaP; middle primary, MiP; 
rostral primary, RoP) (Fig. 15). 

Two independent lines of evidence show that the CaP growth 
cone in each segment leaves the spinal cord before the growth 
cones of the other primary motoneurones, thus acting as a 
‘pioneer’ in establishing the ventral root. First, using Nomarski 
optics (Fig. 1c), we found that the earliest growth cone we could 
observe in each segment was from CaP (50 segments; 19 
animals). Second, in four animals, two or all three of the primary 
motoneurones within a single segment were fluorescently 
labelled; in all of these cases the CaP growth cone left the spinal 
cord first. Although the MiP and RoP growth cones consistently 
left the spinal cord later than the growth cone of the CaP 
motoneurone in the same segment, our results did not allow 
us to determine whether the CaP always initiates an axon 
before MiP and RoP or whether the CaP growth cone leaves 
the spinal cord first because it has the shortest distance to 
grow. 

Each primary motor axon follows a stereotyped pathway (Fig. 
2) characteristic of its cell type. Each CaP axon (Fig. 2a) had 
a prominent growth cone that grew directly ventrally, along the 
medial surface of the muscle. At the region of the horizontal 
septum the CaP growth cone typically paused for about an hour 
(0.90.7 h; n = 7). When the growth cone continued ventrally, 
a prominent varicosity remained at the region of the horizontal 
septum. The CaP growth cone also typically paused and formed 
varicosities at the bottom of the notochord and at intervals along 
the length of the growing axon. Branches formed later at some 
of these varicosities and grew along the medial surface of the 
muscle. 

In contrast, the MiP growth cone (Fig. 2b) grew caudally 
within the spinal cord, exited at the ventral root, and followed 
the pathway established by the CaP axon. In segments in which 
both CaP and MiP motoneurones were labelled (п = 4), the two 
axons appeared to fasciculate. Like CaP growth cones, MiP 
growth cones grew along the medial surface of the muscle to 
the region of the horizontal septum. MiP growth cones also 
typically paused for about 30 min (0.6+0.5h; n=8) at the 
horizontal septum. Unlike CaP growth cones, however, MiP 
growth cones did not cross the horizontal septum. Instead, each 
growth cone sprouted a branch that grew caudally and dorsally, 
entering the dorsal portion of the segment. MiP axons typically 
(8 out of 10) retracted their ventral branches as they grew 
dorsally, although some cells (the remaining 2 out of 10) retained 
the ventral branch for up to 48 h post-fertilization (PF). RoP 
growth cones (Fig. 2c) initially followed the pathway described 
for MiP growth cones. RoP growth cones grew caudally within 
the spinal cord, exited at the ventral root, and grew directly to 
the region of the horizontal septum. From this point, they 
followed a third pathway, growing laterally within the horizontal 
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Fig. 1 a, Zebra fish embryo at 18h post- 
fertilization (PF). The axial musculature is seg- 
mented, and the segments are separated by 
transversely oriented myosepta (MS), and 
divided into dorsal and ventral regions by the 
horizontal septum (HS). The chevron-shaped 
segments are transparent and thus the spinal 
cord (SC) and the notochord (NC) can be 
visualized directly. We confined our observa- 
tions to motoneurones jn segments 6-15. In this 
figure rostral is to the left, and dorsal to the 
top; all other figures are of the same orientation. 
Scale bar, 225 jum. b, A drawing of two adjacent 
segments (abbreviations as in a). The solid 
circles represent the positions of the three 
primary motoneurones in each segment. Caudal 
primary (CaP) is located in the middle of the 
segment, at the level of the ventral root; rostral 
primary (RoP) is located at the rostral end of 
the segment; and middle primary (MiP) is 
located between CaP and RoP. Scale bar 33 jum. 
c Nomarski photomicrograph of a CaP 
motoneurone (large arrow) with a growth cone 
(small arrow) in a live embryo at 20.5h PF. 
Scale bar 10 jum. d, Fluorescence photomicro- 
graph of a living labelled CaP motoneurone 
(20.5 h PF). Although early growth cones can 
readily be observed with Nomarski optics, this 
technique is inadequate for later observations 
because the development of striations in the 
muscle fibres obscures axons. Thus, we have also labelled neurones with fluorescent dyes to observe axons and watch their development in 
live embryos. To label developing primary motoneurones, we injected their early precursor cells with fluorescent dye (fluorescein or rhodamine) 
conjugated to dextran!®-?!. We injected single blastomeres in developing blastulae at the 32-512-cell stage; as the cells continued to divide, 
the label was passed on to all of the progeny of the injected blastomere. The descendants of the injected blastomere scattered during 
gastrulation?!, so that individual labelled motoneurones were observed at later developmental stages relatively unobscured by other labelled 
cells. To observe the development of the motoneurones without causing photodamage”’, we used low levels of epifluorescence, monitored the 
cells with a silicon-intensified-target camera (SIT camera, GE 57)%24 and recorded the image on videotape (VHS) for later analysis. The CaP 
motoneurone shown was photographed from the face of the video monitor. Scale bar, 10 pm. e, CaP motoneurone in a live embryo at 27h 
PF (segment 11). The fluorescence optics showed side branches (arrowheads) and varicosities which were present along the length of the axon 
at these later developmental times. The body of the main growth cone was also clearly visible although filopodia were usually not resolved. 
In this cell the growth cone bifurcated shortly before the photograph was taken. The asterisks mark fluorescently labelled cells that were out 
of focus on the other side of the embyro. Scale bar, 10 pm. 











septum, and forming horizontal branches that extended from 
the medial surface of the muscle to the lateral surface. 

The peripheral arbor of each primary motoneurone is charac- 
teristic of its cell type, being restricted to a stereotyped region 
of the ipsilateral muscle of its own segment. The same three 
types of motoneurones have been observed in larvae and 
adults'^'^, The branches of CaP motoneurones were confined 
within the ventral musculature (Fig. 3a) in all but a single case 
(64 out of 65 motoneurones examined until 48 h PF; the remain- 
ing CaP motoneurone had a small branch extending into an 
adjacent segment). In contrast, the branches of MiP 
motoneurones (Fig. 35) were confined to the dorsal musculature 
of their own segment (all of 15 motoneurones; 48h PF). The 
branches of RoP motoneurones (Fig. 3c) also were confined to 
their own segment, but were restricted to a unique region flank- 
ing the horizontal septum (all of 4 motoneurones; 48 h PF). 

What factors could be responsible for confining the growth 
cones of the primary motoneurones within their own segments? 
One possibility is that the myosepta are barriers to axonal 
growth, but this seems unlikely as a later-developing class of 




















motoneurones, the secondary motoneurones, have axons that Fig. 2 The axons of the three primary motoneurones of each 
cross these туовер(а 1943, segment follow divergent pathways. Drawings from the face of the 
A rostro-caudal gradient in the time of axonal outgrowth video monitor of fluorescent motoneurones from live animals at 


the indicated developmental stages (h PF) superimposed on out- 


within a class of motoneurones might be another possible deter- lines of the segments. a, À single CaP motoneurone at four different 


minant of segmental specificity; a motoneurone from a caudal times; b, a single MiP motoneurone at four different times; c, a 
segment could not innervate muscle in a more rostral segment, single RoP motoneurone at three different times. (See Fig. 3 for 
because that muscle would already be innervated. However, two three-dimensional drawings of motoneurones at a later develop- 
independent observations fail to support this notion. First, in : mental stage.) 
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Fig. 3 Each of the three primary motoneurones in а segment has 
a unique peripheral arbor, as shown by three-dimensional drawings 
of the arbors of the primary motoneurones at 48 h PF. A portion 
of the muscle overlying the spinal cord (SC) and notochord (NC) 
in each part of the figure has been omitted, to show the underlying 
pattern of the axonal branches. Each motoneurone projects exclus- 
ively to muscle fibres within its own segment, and to an exclusive 
region of its own segment. HS, horizontal septum; MS, myoseptum. 
Scale bar, 20 wm. a, After the CaP growth cone reached the ventral 
edge of its segment, it turned laterally and rostrally, and grew 
dorsally along the lateral surface of the muscle, in the rostral 
myoseptum, to the level of the horizontal septum. Varicosities 
formed along the lateral branch at regular intervals, giving it the 
appearance of a string of beads. b, The axon of the MiP 
motoneurone extended along the medial surface of the dorsal 
muscle, in the middle of the segment. When the axon reached the 
dorsal edge, it turned laterally and rostrally, and grew along the 
lateral surface of the muscle in the rostral myoseptum, to the level 
of the horizontal septum, elaborating a string of varicosities along 
the lateral portion of the axon. c, The arbor ofthe RoP motoneurone 
extended from the medial surface to the lateral surface along the 
horizontal septum. 


animals in which several primary motoneurones of the same 
type were labelled in more than one segment (Fig. 4), axons in 
caudal segments preceded axons in rostral segments in half of 
the cases (38 segments, 7 animals). Second, observations of 
initial outgrowth of CaP axons using Nomarski optics showed 
that any trunk segment could be the first to have a CaP growth 
cone'* and the appearance of growth cones in other segments 
did not follow any particular sequence. Thus, rostro-caudal 
timing seems to be an unlikely explanation of segmental 
specificity, as axonal outgrowth of a primary motoneurone in 
any particular segment may precede or follow axonal outgrowth 
of the primary motoneurone of the same type in adjacent seg- 
ments. 
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Еір. 4 Ахоп outgrowth does not occur іп a strict rostral-caudal 
sequence. Two MiP motoneurones were labelled in adjacent seg- 
ments in the same animal. The growth cone of the caudal MiP 
(segment 7) grew out of the spinal cord at 19h PF. The rostral 
MiP (segment 6) first sprouted a growth cone 1.5h Jater This 
drawing of the two cells made at 25 h PF shows that the axon of 
the caudal MiP had already grown into the myoseptum while the 
rostral axon was still traversing the dorsal muscle. In other animals 
the opposite order of outgrowth was seen. Scale bar, 25 jum. 


After leaving the spinal cord, all three types of motor growth 
cones initially followed the same pathway to the horizontal 
septum, where they paused and then selected neurone-specific 
pathways. Although pausing at particular locations is behaviour 
typical of growth cones, the wide range of durations involved 
suggested that pausing itself may not be a crucial component 
of proper pathfinding. The choice of divergent pathways at the 
horizontal septum by these growth cones is reminiscent of the 
choice of neurone-specific pathways by the growth cones of G 
and C cells in embryonic grasshoppers". This type of behaviour 
is consistent with a "labelled pathways' hypothesis' in which 
growth cones recognize specific molecular factors, along the 
axonal pathway, that provide guidance cues to them as they 
navigate towards their targets. Our results suggest that such 
labelled pathways may be present in vertebrates. 

Some of this work has appeared elsewhere in abstract form". 
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Antigen recognition by human T lymphocytes and initiation of 
T-cell activation are mediated by a group of integral membrane 
proteins, the T-cell antigen receptor (TCR) and the ТЗ complex’. 
The polypeptides which comprise T3 (a y-chain of relative 
molecular mass (M,) 25,000 (25K), and 6 and ғ chains of 20K 
each) are physically associated with the TCR chains* '?. Surface 
expression of the complex requires the presence of all the com- 
ponent ТЗ and TCR proteins". In contrast to the human system, 
murine T3 has not been identified using antibodies. Here we 
describe a murine T3-like protein complex. It appears to be more 
complicated than human T3, containing three monomeric glyco- 
proteins (21—28K), two of which have N-linked carbohydrate side 
chains and a novel family of TCR-associated homo- and 
heterodimers. The 28K protein is identified as the murine T3 
6-chain. The 21K protein is phosphorylated on cell activation with 
concanavalin A (Con A). 

Given the significant structural and functional association of 
T3 with the human TCR, we expected that T3-like proteins 


Fig. 1 A, Human T3 and TCR ana- A 1 2 з 4 


lysed by SDS-PAGE. ‘*I-surface- m xc We T 


labelled HPB-ALL cells меге 
solubilized in isotonic buffer con- 
taining 1% NP40 (lanes 1, 2) or 1% 
digitonin (lanes 3, 4). Immuno- 
precipitates were prepared with the 
anti-TCR reagent T40/25 (ref.23) 
(lanes 1, 3) and the T3-specific anti- 
body anti-Leu 4 (ref. 24) (lanes 2, 4) 
and analysed by SDS-PAGE on a 
12.5% gel under reducing condi- 
tions. B, TCR-associated proteins in 8+є 
the murine antigen-specific T-cell 
hybrid 2B4. Llabeled 2В4 
(ref. 15) cells were solubilized in 
NP40 (lanes 1-4) or digitonin (lanes 
5-8) extraction buffer. Immuno- 
precipitation was performed with 
non-immune mouse serum (lanes 1, 
5), normal rat serum (lanes 3, 7), 
A2B4-2 (anti- TCR)? (lanes 2, 6), TEMP END 


—— LETTERS TO NATURE 





NATURE VOL. 320 20 MARCH 1986 





would be present on murine T cells. Recently, a murine com- 
plementary DNA clone homologous with the cDNA sequence 
encoding one of the human T3 chains (T38) has been 
described’*. We attempted to identify murine T3-like proteins 
by isolating polypeptides associated with TCR. 

For this purpose, it was necessary to improve the methods 
for extraction of the protein complex, as immunoprecipitation 
from conventionally prepared lysates of labelled human T cells 
with anti-TCR (а and В) reagents results in only a minimal 
co-isolation of the T3y, ô and в chains (see Fig. 1a, lane 1). 
Figure 1A (lanes 3 and 4) shows that when a digitonin-based 
extraction procedure is used, both anti-T3 and an anti-TCR 
reagent precipitate the complete series of T3 and TCR poly- 
peptides—a (49K), В (40K), y (25K) and 5/e (20K)—from 
1251 _radiolabelled cells of the human T-cell leukaemia line HPB- 
ALL. 

Using this method, proteins associated with the murine TCR 
were isolated from !?T-labelled 2B4 cells, a pigeon cytochrome- 
с-ѕресійс, I-E*-restricted T-T hybridoma?". As shown in Fig. 1B 
(lane 2), TCR prepared from Nonidet P-40 (NP40)-solubilized 
cells appears as a single band of 85-90K. The TCR 
immunoprecipitate from the digitonin lysate (Fig. 1B, lane 6), 
however, contains an additional set of six specific bands with 
apparent M,s of 34K, 31K, 27K, 25K, 22K and 20K. None of 
these bands has the same mobility as Thy-1 (Fig. 1B, lane 8) 
nor do any of them co-precipitate with Thy-1. This control was 
included because G7, the anti-Thy-1 reagent used for precipi- 
tation, causes T-cell proliferation, which suggests that Thy-1 
represents the murine homologue of T3 (ref. 16). Studies with 
another murine T-cell hybridoma, DO-11.10, which is specific 
for ovalbumin peptides and is I-A‘-restricted”, gave the same 
result. using two different TCR-specific antibodies (Fig. 1C). 
The proteins are not recovered if antibody against major 
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and G7 (anti Thy-1)'® (lanes 4, 8), and samples were analysed under non-reducing conditions on a 12.5% gel. The positions of standard 
protein markers are indicated on the left (М,х1073). С, TCR-associated proteins on the T-cell hybrid DO-11.10. Digitonin extracts of 
125 labelled DO-11.10 cells? were immunoprecipitated with the clone-specific anti-TCR antibody KJ1-26.1 (ref. 2) (lane 1), non-immune mouse 
serum (lane 2), the anti-TCR-allotype reagent KJ16-133 (ref. 25) (lane 3) and non-immune rat serum (lane 4). A2B4-2 (lane 5) and normal 
mouse serum (lane 6) immunoprecipitates from digitonin-extracted 2B4 cells are shown for comparison. 

Methods. HPB-ALL cells?’ and the murine T-cell hybrids 2B4 and DO-11.10 were cultured in RPMI 1640 medium supplemented with 10% 
fetal calf serum (FCS). Cells (50x 105) were labelled with 1251 (2 mCi, NEN) at room temperature in a 200-ші volume of phosphate-buffered 
saline (PBS) containing 4 IU lactoperoxidase (Sigma); 10 ul of 0.05% H,O, was added at 5-min intervals over a reaction period of 20 min. 
Celis were washed once in PBS and suspended at 0°C for 15 min in 300 pl extraction buffer (10 mM triethanolamine, 0.15 M NaCl, pH 7.8 
with the protease inhibitors: 10 mM iodacetamide, 1 mM EDTA, 1 mM phenylmethylsulphonyl fluoride and 1 ug ml! each of leupeptin, 
pepstatin, antipain and chymostatin) containing 1% NP40 or 1% digitonin. Digitonin (Aldrich) was prepared as a 2% stock solution. The 
solid detergent was added to boiling water, which was stirred for 2 min, cooled, allowed to stand at room temperature for 1 week and then 
filtered". The cell extract was centrifuged at 13,0002 for 15 min and the supernatant at 100,000g for 30 min before pre-clearing for 16 h with 
10 pl of a 1096 suspension of Staphylococcus aureus. Immunoprecipitation was performed by incubating the extract for 2-4h with a 10-pl 
packed volume of protein A-Sepharose beads (Pharmacia) precoated with antibody (200,1 of hybridoma culture supernatant or 5 pl of 
ascites). Beads coated with rat antibodies were precoated with rabbit anti-rat immunoglobulin. Immynoprecipitates were washed five times 
in the same buffer used for cell extraction and subjected to SDS-PAGE, using the method of Laemmli”. 
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Fig. 2 А, Analysis of murine TCR-associated proteins under 
reducing conditions. DO-11.10 cells were labelled with 1251. 2B4 
cells (2x 10°) were incubated at 37 °С for 16h with 1 mCi each of 
355-суѕіеіпе and *°S-methionine (Amersham) in 100ml cys- 
teine/methionine-free RPMI 1640 medium with 10% dialysed 
FCS. Immunoprecipitates were prepared from digitonin extracts 
of the DO-11.10 (lanes 1, 2) and 2B4 (lanes 3, 4) cells using normal 
rat serum (lane 1), normal mouse serum (lane 3) and the anti-TCR 
reagents KJ16-133 (lane 2) and A2B4-2 (lane 4), and analysed by 
SDS-PAGE under reducing conditions. B, Two-dimensional non- 
reducing/ reducing SDS-PAGE analysis of murine TCR-associated 
proteins. An A2B4-2 immunoprecipitate from digitonin-extracted 
1257 labelled 2B4 cells was applied to a 12.5% SDS-polyacrylamide 
tube gel and electrophoresed under non-reducing conditions. The 
gel was then equilibrated for 15 min at room temperature in reduc- 
ing sample buffer containing 5% 2-mercaptoethanol before appli- 
cation to a 12.5% slab gel. 


histocompatibility complex (MHC) class I antigen (K*) or an 
inappropriate anti-TCR reagent is used (data not shown). We 
conclude that the murine TCR is associated with a complex 
group of proteins, some of which may be murine homologues 
of the human T3 chains. 

When analysed under reducing conditions, five TCR-associ- 
ated proteins—28K (1), 25K (2), 21K (3), 17K (4) and 14K 
(5)—were found (Fig. 2A, lane 2). This result was also obtained 
after biosynthetic labelling with *°S-cysteine and ^S-methionine 
(Fig.2A, lane 4). The 31K and 34K proteins present under 
non-reducing conditions (Fig. 1B, C) were absent and two new 
small polypeptides of 14K and 17K (4 and 5) were observed. 
To determine the relationship between the proteins seen in 
non-reducing conditions (Fig. 18) and those recovered after 
reduction (Fig. 2A, 1-5), we performed a two-dimensional non- 
reducing/reducing SDS-polyacrylamide gel electrophoresis 
(PAGE) analysis (Fig. 2B). Proteins composed of disulphide- 
linked subunits appear below the diagonal on such a gel. A 
series of 17K and 14K spots corresponding to bands 4 and 5 
seen under reducing conditions was observed below the 
diagonal; these spots were aligned such that they appeared to 
be derived from two 17K homodimers (which we designate a 
апа b), two heterodimers (14K -- 17K; c and d) and a 14K 
homodimer (e). The 21K, 25K and 28K. monomeric proteins, 
seen as bands 1, 2 and 3 on reducing SDS-PAGE analysis of 
the TCR-associated proteins, were observed as three spots lying 
on or near the diagonal. The position of protein 2 above the 
diagonal may be the result of reduction of internal disulphide 
bonds. We conclude that the murine T3-like complex consists 
of five proteins, three monomers and two small subunits which 
form a family of homo- and heterodimers. 

The presence of carbohydrate in the T3-like proteins was 
assayed by labelling with *H-mannose. In addition to the TCR 
a- and B-chains, three bands corresponding to the three TCR- 
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associated monomers (1, 2 and 3) contained the carbohydrate 
label (Fig. 3A, lane 4). The dimers containing the 14K and 17K 
subunits (4 and 5) were not labelled. To confirm the presence 
of oligosaccharide side chains, the enzyme endoglycosiduse F 
(Endo-F), which hydrolyses the second glycosidic bond of N- 
linked oligosaccharides, was used to digest the purified TCR- 
associated proteins. Treatment of both the 21K and 28K bands 
(bands 1 and 3) gave rise to 16K products (Fig. 3B, lanes 2, 6). 
The bulk of the 25K protein (2) was not altered by Endo-F 
(Fig. 3B, lane 4). As expected, the 17K subunit (Fig. 3B, lane 
7) was unaffected by the deglycosylating enzyme (lane 8). 
Sufficient amounts of pure 14K protein (band 5) for analysis 
could not be obtained but in digestions of the unseparated 
mixture of TCR-associated proteins its mobility had been 
observed to be unaltered (data not shown). We conclude that 
proteins 1 and 3, seen as 28K and 21K bands under reducing 
conditions, contain N-linked carbohydrate. Although the 25K 
protein was not digested, we hesitate to rule out the presence 
of N-linked glycans; incorporation by the 25K protein of 'H- 
mannose, a sugar rarely present in O-linked carbohydrate, sug- 
gests that it may contain N-linked glycosylation that is resistant 
to enzyme digestion. The 14K and 17K subunits appear to be 
unglycosylated. 

The identity of the T3 8-chain among the murine TCR- 
associated proteins was determined by immunoblotting using a 
rabbit antiserum specific for a 17-residue synthetic peptide corre- 
sponding to the amino-acid sequence deduced for a murine T36 
cDNA clone'*, The serum bound specifically to a 28K membrane 
protein (Fig. 3C, lanes 3, 4). No binding was observed in the 
presence of competing peptide (lane 5). Pretreatment of the 
membrane proteins with Endo-F resulted in a decrease in size 
of the band from 28K to 16K (Fig. 3C, lanes 6, 7). A preparation 
of ""Llabelled TCR-associated proteins was run in parallel 
(lane 2). In the microslab system used in this analysis, the 25K. 
and 28K proteins (bands 1 and 2) were not resolved but were 
seen as a single band of the same size as the specifically 
immunoblotted protein. Given that the protein detected bv anti- 
serum to а ТЗ peptide and the 28K protein (band 1), but not 
the 25K. protein (band 2), are Endo-F-sensitive and have 16K 
protein backbones, we conclude that the 28K TCR-associated 
protein represents murine T3ó; this is in agreement with the 
presence of three sites for N-linked glycosylation indicated by 
the murine T38 cDNA sequence. 

In view of the putative role of T3 in signal transduction and 
the involvement of protein kinases in cellular proliferation, we 
examined the possibility that one of the T3-like chains is phos- 
phorylated. А TCR-associated phosphoprotein has been 
described previously.by Samelson and colleagues". We were 
interested to determine whether this polypeptide correspanded 
to one of the !”I-labelled proteins of the T3-like complex that 
we had observed. **P-loaded 2B4 cells either treated with Con A 
or left unstimulated were solubilized in digitonin and anti-TCR 
immunoprecipitates were prepared (Fig. 4). Although the back- 
ground bands were of similar intensity in treated and untreated 
cells, a 20K ??P-labelled protein which aligned with the 20K 
U5Llabelled band (band 3) was seen іп the anti-TCR 
immunoprecipitate from the lysate of stimulated cells alone 
(Fig. 4, lane 4). Whether this observation indicates that band 3 
is a protein kinase is being investigated. 

We have identified a T3-like complex of proteins associated 
with TCR in murine T-cell hybrids. The three glycosylated 
monomers, the smallest of which is phosphorylated on activa- 
tion, are similar in size and in their TCR-association to the 
human Т3у, 6 and ғ chains and may constitute their murine 
homologues. The largest of these monomers appears to be the 
murine T3ó chain. Two of the proteins reported here may 
correspond to the 24K and 29K proteins isolated with TCR 
from a murine lymphoma line treated with a crosslinking reagent 
before solubilization!*-??, A 23K protein occasionally observed 
to co-precipitate with TCR from 2B4 cells, which appears to 


NATURE VOL. 320 20 MARCH 1986 








% 
-È 


Fig.3 A, Glycosylation of the murine TCR-associated proteins. 2B4 cells surface-labelled with |251 as described in Fig. 1 (lanes 1, 3) or 
biosynthetically labelled with *H-mannose by incubating 5 x 10" cells for 16 h at 37 °C in 10 ml of glucose-poor RPMI (containing 100 mg I^! 
glucose and 10% dialysed FCS) with 1 mCi ?H-mannose (Amersham) (lanes 2, 4) were extracted in 1% digitonin solubilization buffer. Normal 
mouse serum (lanes 1, 2) and A2B4-2 anti-TCR (lanes 3, 4) immunoprecipitates were analysed under non-reducing conditions on a 12.596 
gel. The sugar was not metabolically converted to amino acids during the overnight incubation because murine H-2 heavy chain but not 
B;-microglobulin (nonglycosylated) was labelled by ?Н-таппове (data not shown). B, Endo-F digestion of individual murine TCR-associated 
proteins. 17K, 21K, 25K and 28K proteins were recovered from lane 2 of the gel in Fig. 2A by electroelution?, lyophilized and suspended in 
60 ш of 100 mM Tris-HCl pH 6.8, 0.5% SDS, 10 mM EDTA and 1% 2-mercaptoethanol. After heating to 100°C for 3 min, NP40 was added 
to 1% and protease inhibitors (see Fig. 1 legend) were added. Endo-8-N-acetylglycosaminidase-F (Endo-F)*° (from Dr J. Kaufman) was 
added to half of each sample and digestion was allowed to proceed for 4h at 37 °C. 6 wl of 10% SDS, 50% glycerol, 40% 2-mercaptoethanol 
and 0.1% bromophenol blue were added to the treated and untreated samples before application to a 12.5% gel. Lane 1, 28K minus Endo-F; 
lane 2, 28K + Endo-F; lane 3, 25K —Endo-F; lane 4, 25K +Endo-F; lane 5, 21K —Endo-F; lane 6, 21K + Endo-F; lane 7, 17K — Endo-F; lane 
8, 17K +Endo-F. C, Immunoblot analysis of murine T-cell membrane proteins with an anti-T35 serum. Immunoprecipitates prepared from 
digitonin-extracted '**I-labelled DO-11.10 cells using normal mouse serum (lane 1) and the anti-TCR reagent KJ16-133 (lane 2) were separated 
by SDS-PAGE under reducing conditions on a 12.5% microslab gel?!. Plasma membrane proteins from the murine thymoma line, EL-4, were 
run in lanes 3-6. Lane 7 contains Endo-F-digested EL-4 membrane proteins. The proteins were transferred to nitrocellulose??. The strips 
corresponding to the lanes containing T-cell membrane proteins were blocked in 1.5% gelatin, then incubated with preimmune rabbit serum 
(lane 3) or rabbit antiserum directed against a synthetic peptide based on the deduced amino-acid sequence (residues 126-142) of the murine 
T38 cDNA (lanes 4-7). Excess free peptide was included in one incubation (lane 5). Nitrocellulose strips were developed with '**I-goat F 
(ab’), anti-rabbit immunoglobulin (NEN). 


cause an increase in the size of TCR after crosslinking of surface 
proteins, has been reported by Samelson and Schwartz”'. On 
the basis of its TCR association and M,, the 23K protein prob- 
ably corresponds to one of the monomeric T3-like polypeptides 
of 2B4 cells described here. In addition to the monomers, which 


Fig. 4 Phosphorylation of the 21K 
murine TCR-associated protein. Cells 
were loaded with 22Р and activated as 


123456 


appear to be similar to the human T3 chains, we have described 
a novel family of TCR-associated homo- and heterodimers. It 
is of interest to note that although both the 14K and 17K sub- 
units are easily surface-labelled with 251 using lactoperoxidase 
or biosynthetically labelled with *°S-amino acids, only the 
17K polypeptide incorporates the hydrophobic-partitioning, 
photoactivatable label 3-[trifluoromethyl]-3-[m-iodophenyl]- 
deazirine^? (TID), suggesting that it contains a hydrophobic 
domain that is absent from the 14K protein (data not shown). 
The possibility that the 14K protein is derived from the 17K 
protein by in vivo or in vitro proteolysis remains to be investi- 
gated. We believe that a comparison of the structure, biosyn- 
thesis and regulation of gene expression of these TCR-associated 
polypeptide chains in both species will help to elucidate the 
molecular events involved in TCR function. 

We thank Dr Edgar Haber for suggesting the use of digitonin; 
Dr L. Samelson for providing the T-cell hybrid 2B4 and A2B4-2, 
the anti- TCR reagent for 2B4 cells; Dr P. Marrack for the hybrid 
DO-11.10 and the anti-TCR antibodies directed at DO-11.10; 
Dr Ethan Shevach for the anti-Thy-1 rat monoclonal antibody, 
G7; Drs Hildegunde Ertl, Ken Rock and David Ucker for their 
critical review of the manuscript; and Debora Ma for assistance. 
This work was supported by NIH grant AI 15066. H.C.O. is 
supported by a Medical Scientist Training Program Grant 2-T32- 








described by Samelson!’. 2B4 cells (1.5 х 
10%) were washed three times in phos- 
phate-free RPMI 1640 medium and incu- 
bated in 8 ml of the same medium contain- 
ing 10% dialysed FCS and 5 mCi of 22р- 
orthophosphoric acid for 2h at 37°C. 
Con А was then added to 10 pg ті"! to 
one half of the cells for 1h, after which 
the untreated and treated cells were 
washed twice in ice-cold PBS containing 
the phosphatase inhibitors 0.4mM 
sodium vanadate (ortho), 0.4mM EDTA, 
10mM sodium fluoride and 10mM 
sodium pyrophosphate and then extracted 
with 1% digitonin buffer containing phos- 
phatase inhibitors. Immunoprecipitates 
were prepared with normal mouse serum 
(lanes 1, 3) and A2B4-2 (lanes 2, 4) from 
lysates of the unstimulated (lanes 1, 2) and 
stimulated (lanes 3, 4) cells. A2B4-2 and 
normal mouse serum immunoprecipitates 
from an '*°]-labelled extract were run in 
parallel (lanes 5, 6). 


NATURE VOL. 320 20 MARCH 1986 





GM07753-06. C.L.P. is a fellow and С.Т. a scholar of the 
Leukemia Society of America. 

Note added in proof: Since submission of this letter, Samelson 
and colleagues have reported similar findings concerning T3-like 
polypeptides on murine T cells?, although they differ from us 
in their interpretation of the protein representing the murine 
T3ô chain. 
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Patients with certain genetic disorders can be cured by bone marrow 
transplantation’. However, as prospective donors do not exist for 
most patients with potentially curable genetic abnormalities, an 
alternative treatment for such patients involves the transfer of 
cloned genes into the patients haematopoietic stem cells followed 
by re-infusion of the treated cells’. Retroviral vectors provide ап 
efficient means for transferring genes into mammalian cells and 
have been used to transfer genes into mouse haematopoietic 
cells”, We have now produced amphotropic retroviral vectors 
containing either the bacterial gene for neomycin resistance or a 
mutant dihydrofolate reductase gene that confers resistance to 
methotrexate and have used these vectors to infect and confer drug 
resistance to human haematopoietic progenitor cells im vitro. 
Transfer could be demonstrated in the absence of helper virus by 
using an amphotropic retrovirus packaging cell line, PA12 (ref. 
9). These studies are an important step towards the eventual 
application of retrovirus-mediated gene transfer to human gene 
therapy and for molecular approaches to the study of human 
haematopoiesis. 

The haematopoietic system consists of a hierarchy of cells 
with differing capacities for self-renewal, proliferation and 
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Fig. 1 Retrovirus vectors. The dhfr-containing virus pSDHT (ref 
16) contains the coding region for a MTX-resistant dhfr gene" 
inserted into a clone of a spleen focus-forming virus in place of 
the gp52 envelope gene. The messenger RNA encoding dhfr 15 
presumably a spliced message, as is the envelope mRNA. The 
neo-containing virus pN2 (ref. 7) contains a neomycin resistance 
gene!^ inserted between the long terminal repeats (LTRs) апа 
viral replication signals from Moloney murine leukaemia virus. 
Arrows indicate promoters, (A), indicates a polyadenylation sig- 
nal. High-titre amphotropic retrovirus stocks were generated from 
these constructs as described previously'®. Briefly, Psi-2 ecotropic 
retrovirus packaging cells”? were transfected with viral DNA, and 
virus was collected after 2 days and used to infect РА12 
amphotropic retrovirus packaging cells. Drug-resistant clones were 
isolated and screened for virus production. Helper virus wa. 
assayed using the S*L' assay?. The dhfr-virus stock was also tested 
for the presence of helper virus by infecting NIH 3T3 cells with 
1 ml of the virus, passaging the cells for 1 month and assaying 
these cells for production of dhfr-virus and helper virus. In two 
separate experiments, no virus was detected. Vector titre (CFU 
ml~') and helper virus titre (focus-forming units per ml) were, 
respectively, 5 х 106 and 10? (helper virus titre increased with 
passage of this cell line) for pN2 and 2x 10° and <i for pSDHT. 


differentiation. Haematopoietic stem cells are primitive cells that 
undergo both self-renewal and commitment to form progenitor 
cells), Through extensive proliferation and differentiation of 
these progenitor cells, a large number of diverse blood cells is 
formed. Progenitor cells that can be grown in vitro include those 
which give rise to granulocyte/ monocyte colonies (CFU-GM1!!, 
erythroid colonies (BFU-E)'? and mixed colonies containing 
both erythroid and myeloid elements (CFU-MIX)'*. Certain 
haematological disorders, such as adenosine deaminase 
deficiency, purine nucleoside phosphorylase deficiency and the 
haemoglobinopathies, are potentially curable by transferring 
normally functioning genes into pluripotent haematopoietic 
stem cells of patients with such disorders. An important step 
towards this type of therapy is the demonstration that genes can 
be efficiently transduced into human haematopoietic cells. 
Although gene transfer into pluripotent haematopoietic stem 
cells cannot be measured in vitro, we expect that successful 
transfer into haematopoietic progenitor cells will be indicative 
of our ability to infect stem cells. 

We used retroviral vectors (Fig. 1) containing either a neomy- 
cin resistance gene (neo)'* or a mutant dihydrofolate reductase i 
gene (dhfr)P, dominant-acting selectable genes that confer 
resistance to the antibiotic G418 or the antifolate methotrexate 
(MTX), respectively, in mammalian cells. High-titre ampho- 
tropic retrovirus stocks were generated from these vectors by 
transfer into PA12 cells as described previously!$. Several PA12- 
SDHT cell lines produced dhfr-containing virus at 2x10* 
colony-forming units (CFU) ml! in the absence of helper virus. 
Several PA12-N2 cell lines produced neo-containing virus in 
excess of 2x106 СЕО ml^!, but these lines also produced 
amphotropic helper virus. Helper virus production by these cells 
was unexpected because the PA12 packaging cells do not pro- 
duce helper virus when other vectors are used (refs 9, 16, and 
unpublished results). Helper virus production was apparently 
due to a recombination event between homologous overlapping 
sequences in the neo-virus and the virus packaging system which 
are not present in most vectors!6, 

We next determined the concentrations of MTX and G418 
which would completely inhibit the growth of human 
haematopoietic colonies in vitro. In agreement with previous 
reports", little inhibition of CFU-GM colony growth was seen 
with MTX concentrations of 10 * M when either dialysed or 
undialysed fetal bovine serum was included in the incubation 
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Fig.2 Effect of methotrexate on CFU-GM colony growth. 
Human bone marrow samples were obtained from adult volunteers 
who were donating their marrow for allogeneic bone marrow 
transplantation. The bone marrow was fractionated by density 
gradient centrifugation on Ficoll-Hypaque?. The mononuclear 
cell fraction was removed and washed with Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal bovine serum 
(FBS). Bone marrow cells (1 х 10°) were incubated in 35-mm dishes 
containing 1 ml of Iscove’s modified Dulbecco’s medium with 40 pl 
ml"! placental conditioned medium”, 0.3% agar, either 20% heat- 
inactivated (1h, 56°C) FBS (O) or 20% heat-inactivated human 
AB plasma (A) and MTX as indicated. After incubation for 10-14 
days, colonies containing >40 cells were counted using an inverted 
phase microscope. The total number of colonies from duplicate 
(FBS-containing plate) or quadruplicate wells (human AB plasma- 
containing plates) were counted and the results are expressed as 
a percentage of control plates not receiving MTX (+s.d.). Values 
are representative of several experiments. 


mixture. However, when human plasma was used as the source 
of serum growth factors, the growth of colonies containing both 
granulocytic and monocytic elements was stimulated and com- 
plete inhibition of colony growth was seen at 10 7 M MTX 
(Fig. 2), which correlates with the clinical observations showing 
bone marrow suppression with MTX serum levels of 107 M 
(ref. 18). Methotrexate did not consistently inhibit BFU-E and 
CFU-MIX growth, however, probably because of the complex 
nature of the medium required for their growth. In contrast, 
complete growth inhibition of all colony types was demonstrable 
with G418 at a concentration of 2 mg ml! for CFU-GM and 
1 mg ml! for BFU-E and CFU-MIX. 

Efficient gene transfer into mouse haematopoietic cells has 
been achieved only when the bone marrow cells have been 
co-cultivated with virus-producing cells. Co-cultivation of 
human bone marrow cells with neo- or dhfr-virus-producing 
cells resulted in conversion of 3-10% of the CFU-GM to drug 
resistance (Table 1). No drug-resistant colonies were seen when 
bone marrow cells were co-cultivated with parental PA12 cells, 
which produce viral particles lacking viral RNA. Resistant 
colonies contained mixtures of myeloid elements including 
granulocytes and monocytes/macrophages, as confirmed by 
Wright-Giemsa staining of individual colonies after their 
removal from agar. Co-cultivation of bone marrow cells with 
monolayers of neo-virus-producing cells conferred G418 resist- 
ance to —2096 of the BFU-E. In addition, co-cultivation of 
marrow cells with the neo-virus-producing cells conferred G418 
resistance to CFU-MIX, demonstrating that this marrow pro- 
genitor cell can also be infected. However, the scarcity of this 
marrow progenitor cell prevented us from obtaining an accurate 
estimate of the frequency of infection. As with the CFU-GM, 
co-cultivation with parental PA12 cells did not confer drug 
resistance to BFU-E or CFU-MIX. 

The presence of helper virus in the neo-virus preparation used 
here (Fig. 1) allowed us to confirm the presence of the neo-virus 
in G418-resistant haematopoietic colonies by rescue of neo-virus 
from these cells. For assay of neo-virus release, individual CFU- 
GM colonies were removed from agar, dispersed by pipetting 
and co-cultivated with NIH 3T3 (thymidine kinase-negative) 
cells. After overnight incubation, the culture medium was 
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Table 1 Efficiency of gene transfer into CFU-GM, BFU-E and CFU- 
MIX using retroviral vectors 





Progenitor cell CFU-GM 
Selective agent G418 
Co-cultivation with: PA12 PA12/N2 


0/605 (095) 
0/544 (095) 
0/455 (095) 


27/624 (4.396) 
31/583 (5.3%) 
15/417 (3.696) 


Totals 0/1,320 (096) 73/1,624 (4.596) 
Progenitor cell CFU-GM 
Selective agent MTX 4 
Co-cultivation with: PA12 PA12/SDHT 


0/246 (0%) 
0/320 (0%) 
0/331 (096) 
0/240 (0%) 


26/256 (10%) 
11/331 (3.3%) 
13/327 (4.0%) 
19/254 (7.5%) 


Totals 0/1,137 (0%) 69/1,168 (5.9%) 
Progenitor cell BFU-E 
Selective agent G418 
Co-cultivation with: PA12 PA12/N2 


0/365 (0%) 
0/302 (0%) 
0/1,086 (095) 


33/282 (1296) 
48/305 (16%) 
313/1,409(22%) 


0/1,435 (0%) 264/1,336(20%) 
Totals 0/3,188 (0%) 658/3,332(20% ) 
Progenitor cell CFU-MIX 
Selective agent G418 
Co-cultivation with: PA12 PA12/N2 
0/7 (0%) 1/9 (11%) 
0/3 (0%) 1/4 (25%) 
0/— (0%) 2/4 (50%) 


Totals 0/10 (0%) 4/17 (24%) 

a a ek ЕАН оыс dE 

Control fibroblasts (PA12) and virus-producing fibroblasts (PA12/N2 
and PA12/SDHT) were trypsinized and seeded at 5 x 10? per 6-cm dish 
the day before use. Bone marrow cells, enriched for mononuclear cells 
as described іп Fig. 2 legend, were co-cultivated with fibroblasts for 16h . 
at 37 *C in 4 ml of fresh medium (DMEM supplemented with 1096 FBS). 
Fibroblasts were irradiated (caesium source, 0.459 Gy шіп”! for 5 min) 
before addition of the bone marrow cells, to ensure that fibroblast 
colonies would not grow in soft agar culture and be confused with 
haematopoietic colonies. After co-cultivation, the non-adherent cells 
were removed and collected by centrifugation (400g, 5 min). The assays 
described in Fig. 2 legend were used to detect G418- and MTX-resistant 
CFU-GM. BFU-E and CFU-MIX colonies were grown in Iscove's 
modified Dulbecco's medium containing 30% FBS (Hyclone, heat- 
inactivated), 1% beef embryo extract (Gibco), 1% bovine albumin 
(Armour), 5x 107? M 2-mercaptoethanol, 100 U mI"! penicillin, 100 pg 
ті”! streptomycin, 0.1 mg ті! NaHCO,, 5 Ш ml"! placental condi- 
tioned medium, 0.9% methylcellulose and 1 IU ml"! human urinary 
erythropoietin, essentially as described previously!??. CFU.E were 
assayed in the absence or presence of either 2mg ml! G418 or 
1077 M MTX. BFU-E and CFU-MIX were assayed in the absence and 
presence of 1 mg ті! G418. After incubation for 14 days, colonies were 
counted using an inverted microscope. The number of colonies per 10°- 
mononuclear cells was 25-100 for CFU-GM, 50-190 for BFU-E and 
0.5-2 for CFU-MIX. Each set of paired values is from a separate 
experiment and represents the number of colonies from quadruplicate 
wells. The number of drug-resistant colonies is listed first, followed by 
the number of colonies which grew in the absence of drug. 


replaced with medium containing 2 mg ml! G418 and after 7 
days the plates were scored for G418-resistant colonies. Of 12 
G418-resistant colonies previously exposed to neo-virus, 3 
induced G418-resistant NIH 313 colonies, demonstrating the 
presence of the neo-virus in these colonies. We were not sur- 
prised that only a few colonies produced neo-virus, for it means 
that these colonies have been infected with both helper virus 
and neo-virus, which may be a rare event. Thus, the transfer of 
the neo gene into human bone marrow progenitor cells was 
demonstrated by two criteria, the conferral of drug resistance 
to CFU-GM, BFU-E and CFU-MIX and the recovery of neo- 
virus from the individual CFU-GM colonies. 
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These results show that retroviral vectors can be used to 
transfer genes into normal human haematopoietic progenitor 
cells. Co-cultivation of bone marrow cells with virus-producing 
cells results in drug-resistant human CFU-GM with an efficiency 
(3-10%) similar to those observed for mouse (10-20%)? and 
dog (10-25%)? marrow. As the same vector (№) was used to 
infect progenitor cells from all three species, we conclude that 
the efficiency of infection of human marrow is comparable to 
that of other animals. Because we have been able to infect all 
specimens examined so far (from over 15 individuals) using 
these vectors, we also conclude that marrow from most 
individuals should be susceptible to gene transfer by 
amphotropic retroviral vectors. 

For studies of human haematopoiesis using retroviruses and 
for eventual application of retroviruses to human gene therapy, 
it is important to transfer genes in the absence of helper virus, 
because this prevents replication and spread of the vector follow- 
ing transfer and eliminates the possibility of helper virus-induced 
disease. The dhfr-virus used here was free of replication- 
competent helper virus by two stringent criteria (Fig. 1) and 
conferred resistance on CFU-GM with a similar efficiency to 
the helper virus-containing neo-virus. We conclude that replica- 
tion-defective vectors can successfully mediate gene transfer in 
human haematopoietic cells in the absence of helper virus. In 
addition, we assayed all progenitor cells for drug resistance 
immediately after short-term exposure to virus, therefore drug 
resistance is due to the initial infection of these cells and not 
to viral spread, even in the case of the helper virus-containing 
neo-virus. Gene transfer into human CFU-GM has previously 
been demonstrated only after long-term culture of 
haematopoietic cells with virus vectors containing helper 
virus???) 

The finding that the dhfr-virus confers MTX resistance on 
haematopoietic progenitor cells at levels of MTX which affect 
haematopoiesis in vivo suggests that selection for the presence 
of the vector in vivo will be possible. Cells infected with viruses 
containing the dhfr gene linked to a non-selectable gene may 
similarly be enriched in vivo. Hence, even though infection may 
not be 100% efficient, selection pressure in vivo may greatly 
increase the number of cells containing and expressing the 
transduced genes. 

We thank Drs Eli Gilboa and David Trauber for providing 
the retroviral plasmids pN2 and pSDHT, respectively, and Drs 
Irwin Bernstein and Robert Andrews for help with the progenitor 
cel] assays. A.D.M. is a fellow of the Leukemia Society of 
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À role for proto-oncogenes in the regulation and modulation of 
cell proliferation"? has been suggested by the findings that the 
B-chain of platelet-derived growth factor (PDGF) is encoded by 
the proto-oncogene sis?” and that the erb-B oncogene product is 
a truncated form of the epidermal growth factor (EGF) recep- 
tor?-?, Furthermore, the product of the proto-oncogene fms ic- 
fms) may be related or identical to the receptor for macrophage 
colony-stimulating factor (CSF-1)"'. v-fms is the transforming 
gene of the McDonough strain of feline sarcoma virus (SM- 
FeSV)'^? and belongs to the family of src-related oncogenes 
which have tyrosine-specific kinase activity. Furthermore, nucleo- 
tide sequence analysis of the v-fins gene product revealed topologi- 
cal properties of a cell-surface receptor protein'4. To elucidate 
the features involved in the conversion of a normal cell-surface 
receptor gene into an oncogenic one, we have now determined the 
complete nucleotide sequence of a human c-fms complementary 
DNA. The 972-amino-acid c-fms protein has an extracellular 
domain, 2 membrane-spanning region, and a cytoplasmic tyrosine 
protein kinase domain. Comparison of the feline v-fms and human 
c-fms sequences reveals that the proteins share extensive homology 
but have different carboxyl termini. 

А Àgt10 cDNA library of ~2 x 106 clones prepared from total 
human term placental poly(A)* RNA was screened at moderate 
stringency using a radioactively labelled Clal/Begill (2.66 
kilobases; kb) fragment of v-fms (pSM-FeSV) as a hybridization 
probe (see Fig. 1 legend). Seventeen clones were isolated which 
were derived from the same messenger RNA, as indicated hs 
restriction analysis and sequence homology to v-/ms. Figure | 
shows the complete nucleotide sequence of overlapping cDNA 
clones and translation of the longest open reading frame initiat- 
ing with methionine. The 3,992-nucleotide sequence is divided 
into 300 bases of 5'-untranslated sequence, 2,916 nucleotides of 
coding sequence, and a 716-nucleotide 3'-untranslated region 
containing a poly(A) addition signal (ATTAAA) 16 base pairs 
(bp) upstream from the poly(A) tail of several independent 
clones. Two other cDNA clones (Ac-fms 32 and Ac-fms 5) have 
extended 3'-untranslated regions and contain another poly(A) 
addition signal 47 bp upstream of the poly(A) taii (not shown) 
The human placenta thus contains at least two species of c-fms 
mRNAs which have different 3' ends. The longest cDNA 
sequence is 4,291 nucleotides, which is close to the size deter- 
mined for the mRNA on Northern blots (4.3 kb), and may well 
contain all of the c-fms mRNA sequence. 

The 972-amino-acid primary translational product of c-fm 
sequence contains features characteristic of cell-surface gly- 
coprotein receptors. These include an amino-terminal, pte- 
dominantly hydrophobic stretch of 23 amino acids, starung «ith 
the putative initiator methionine at nucleotide positions 301-303 
The sequence surrounding the methionine codon matches the 
criteria for a likely initiation codon (GCCATGG; ref. 15). An 
in-frame termination codon (TGA) is found 252 bp upstream 
from this putative initiation codon, with no alternative ATG in 
between. Met 1 is thus likely to be the c-fms initiation methion- 


278 





LETTERSTO NATURE NATURE VOL. 320 20 MARCH 1986 


GGCTTCAGGAAGGGCAGACAGAGTGTCCAAAAGCGTGAGAGCACGAAGTGAGGAGAAGGTGGAGAAGAGAGAAGAGGAAGAGGAAGAGGAAGAGAGGAAGCGGAGGGAACTGCGGCCAGGCTAAAAGGGGAAGAAGAGGATCAGCCCAAG 
GAGGAGGAAGAGGAAAACAAGACAAACAGCCAGTGCAGAGGAGAGGAACGTGTGTCCAGTGTCCCGATCCCTGCGGAGCTAGTAGCTGAGAGCTCTGTGCCCTGGGCACCTTGCAGCECTGCACCTGCCTGCCACTTCCCCAC CGAGGCC 


ArgAla Val Met я Ala Val біп Gly Glu Thr : 
MetG1yProG1yValLeuLeuLeuLeuLeuValAlaThrAlaTrpHisGlyGlnGlyI teProVal I leGluProSerValPrpGluLeuValValLysProG]yAlaThrValThrLeuArgE ey alG1 yA alGiuTrp 
ATGGGCCCAGGAGTTCTGCTGCTCCTGCTGGTGGCCACAGCTTGGCATGGTCAGGGAATCCCAGTGATAGAGCCCAGTGTCCCCGAGCTGGTCGTGAAGCCAGGAGCAACGGTGACCTTGCGAZGTS TGGGCAATGRCAGUG T GGAATGG 


= ona ap m m up 
Не Asn  AspLeu  ProPro Thr "mm Hist Ásn Arg Р 

AspGiyProProSerProHisTrpThrLeuTyrSerAspGlySerSerSer]leLeuSerThrAsmAsnAlaThrPheGlnAsnThrGlyThrTyrArc hrGluProGlyAspProLeuGlyGlySerAlaAlal leHisLeuTyr 

GATGGCCCCGCATCACCTCACTGGACCCTGTACTCTGATGGC TCCAGCAGCATCCTCAGCACCAACAACGCTACCTTCCAAAACACGGGGACCTATCGCSERACTGAGCCTGGAGACCCCCTGGGAGGCAGCGCCGCCATCCACCTCTAT 





. Lys Thr Leu Gly [ex Ala Valleu 
ValLysAspProAlaArgProTrpAsnValleuAlaGlnGluValValValPheGluAspGlnAspAlaLeuleuPro operis dp aGlyValSerLeuValArgValArgGlyArgProLeuMetAro 
GTCAAAGACCCTGCCCGGCCCTGGAACGTGCTAGCACAGGAGGTGGTCGTGTTCGAGGACCAGGACGCACTACTGCCCESSCTGCTCACAGACCCGGTGCTGGAAGCAGGCGTCTCGCTGGTGCGTGTGCGTGGCCGGCCCCTCATGCGC 


біп mu Lys GluAsnHisVal C 
HisThrfsnTyrSe PheSerProTrpHisGlyPheThrlleMisAPgAlaLysPhelleGInSerGInAspTyrGlnEy 


CACACCAACTACTCCTTCTCGCCCTGGCATGGCTTCACCATCCACAGGGCCAAGTTCAT TCAGAGCCAGGACTATC 


ArgValAsp Thr Thr MetGly Trp Asp Ser 
erAlaLeuMet61yGlyArgLysValMetSerlleSerIleArgLeuL ys ValGlnL ysValI lePro 
GTGCCCTGATGGGTGGCAGGAAGGTGATGTCCATCAGCATCCGGCTGAAAGTGCAGAAAGTCATCCCA 





AlaThr Glu Gln 


AsnIl2 Ser Arg  GlyAsp Thr Ser 
GlyProProAlaLeuThrLeuValProAlaGluLeuValArgl leArgG1yGluAlaAlaGlnIleValEySSerAlaSerSerValAspValAsnPheAspValPheLeuGlnHisAsnAsnThrk. ysL euATaI leProG1nGlnSer 
GGGCCCCCAGCCTTGACACTGGTGCCTGCAGAGCTGGTGCGGATTCGAGGGGAGGCTGCCCAGATCGTGTÉGTCAGCCAGCAGCGTTGATGTTAACTTTGATGTCTTCCTCCAACACAACAACACT AAGCTCGCAATCCCTCAACAATCT 


Asp His Ser Asp thr . Thr  AlaTrp [Asn ла Val 
AspPheHisAsnAsnArgTyrGlInL ysValL euThrLeuAsnLeuAspG InValAspPheG InHisAtaG] yA alAlaSerAsnValGlnGlyLysHisSerThrSerMetPhePheArgValValGluSerAlaTyr 
GACTTTCATAATAACCGTTACCAAAAAGTCCTGACCCTCAACCTCGATCAAGTAGATTTCCAACATGCCGGCAACTACT CCEGUIGTGGCCAGCAACGTGCAGGGCAAGCACTCCACCTCCATGTTCTTCCGGGTGGTAGAGAGTGCCTAC 


PE Ser Leu LysValAsp біп Lys GluSer ШЕН Tyr Аср------ 
LeuAsnLeuSerfBerG luG InAsnLeu! leGInGluVal ThrValGlyG1uG1yLeuAsnLeuLysVaIMetValGluAlaTyrProGlyLeuGInGlyPheAsnTrpThnlyrLeuGlyProPheSerAspHisGInProGtuProLys 
TTGAACTTGAGCTCTGAGCAGAACC BCATCCAGGAGGTGACCGTGGGGGAGGGGCTCAACCTCAAAGTCATGGTGGAGGCC TACCCAGGCCTGCAAGGTTT TAACTGGACCTACCTGGGACCCTTTT CTGACCACCAGCCTGAGCCCAAG 









Аѕррһеүа Ile Tyr Ser Arg Ser Ala GlnAsn А 
LeuAlaAsnAlaThr['hrL ysAspThrTyrArgHisThrPheThrLeuSerLeuProArgLeutL ysProSerGluAlaG]yArgTyrSerPheLeuAlaArgAsnProG1yG6] yTrpArqAlaLeuThrPheGluLeuThrLeuArgT yr 
CTTGCTAATGCTACCACCAAGGACACATACAGGCACACCTTCACCCTCTCTCTGCCCCGCCTGAAGCCCTCTGAGGCTGGCCGCTACTCCTTCCTGGCCAGAAACCCAGGAGGCTGGAGAGCTCTGACGTTTGAGCTCACCCTTCGATAC 


Arg  ThrMet Leu "mum 4 
ProProGluValSerVallleTrpThrPhellgA lyThrLeuLeu 
CCCCCAGAGGTAAGCGTCATATGGACATTCATCAACGGCTCTGGCACCCTTTTG, 


lu Ser Val 
laAlaSerGlyTyrProGlnPrdgAsnValThr[TrpLeuGl 
BG CTGCCTCTGGGTACCCCCAGCCCAACGTGACA TGGCTGCAGEGE 


SerHisSer— Val TyrGlu Ile His AlalleGly 
AspAspProTyrProGluValLeuSerGlnGluProPheHisLysValThrValGlnSerLeuLeuThrValGluThrLeuGluHi sAsnGlnThrTyrG lug 
GATGACCCATACCCTGAGGTCCTGAGCCAGGAGCCCTTCCACAAGGTGACGGTGCAGAGCCTGCTGACTGTTGAGACCTTAGAGCACAACCAAACCTACGAGE 


rgSer SerAláGly ValLeuGlu 
SOR CA RETO A. AE 












GTGGCCACACTGATAG GATGAGGCCCAAGTGCTGCAGGTCTGG 


Phe RsnSer Intar Trp 
rgAlaHisAsnSerValGlySerGlySerTrpAlaPhel lePro 
GGGCCCACAACAGCGTGGGGAGTGGCTCCTGGGCCTTCATACCC 


Tle ProLeu Leu LeuLeuThr p 
IleSerAlaGlyAlaHisThrHisProPróAspGluPheLeuPheThrProValYValValAlaCysMetSerIleMetAlaLeuLeuLeuLeuLeul euLeuLeuLeuLeuTyrt ys Тугі ysGlnL ysProLys TyrG1nValAraTrp 
ATCTCTGCAGGAGCCCACACGCATCCCCCGGATGAGTTCCTCTTCACACCAGTGGTGGTCGCCTGCATGTCCATCATGGCCTTGCTGCTGCTGCTGCTCCTGCTGCTATTGTACAAGTATAAGCAGAAGCCCAAGTACCAGGT CCGCTGG 
ее ар EZ ынылылды ан ағыта 


Thr 
LysIlel leGluSerTyrGluGlyAsnSerTyrThrPhelleAspProThrGlnLeuProTyrAsnG lul ysTrpGluPheProArgAsnAsnLeuG InPheG1yL ys ThrLeuGlyAlaGlyAlaPheGlylysVa 1ValGluAlaThr 
AAGATCATCGAGAGCTATGAGGGCAACAGT TATACTTTCATCGACCCCACGCAGCTGCCT TACAACGAGAAGTGGGAGT TCCCCCGGAACAACCTGCAGTTTGGTAAGACCCTCGGAGCTGGAGCCTTTGGGAAGGTGGTGGAGGCCACG 


AlaPheG lyLeuG lyLysG]luAspAlaValLeuLysValAlaValLysMetLeuL ysSerThrAlaHisAlaAspGluLysGluAlaLeuMetSerGluleuLysIleMetSerHisLeuGlyGl nHisGluAsnlleValAsnLeuLeu 
GCCTTTGGTCTGGGCAAGGAGGATGCTGTCCTGAAGGTGGCTGTGAAGATGCTGAAGTCCACGGCCCATGCTGATGAGAAGGAGGCCCTCATGTCCGAGCTGAAGATCATGAGCCACCTGGGCCAGCACGAGAACATCGTCAACCT TCTG 









біп Рго Val Ма AlaGly 
JalyrG1 yAspLeul euAsnPheLeuArgArgl ysATaG] uAlaMetLeuG] yProSerLeuSerProGlyGlnAspProGluGlyGlyValAspTyrLys 


CCCATGGAGGCCCTGTACTGGTCATCACGGAGTACHE: KGQTATGGCGACCTGCTCAACTTTCTGCGAAGGAAGGCTGAGGCCATGCTGGGACCCAGCC TGAGCCCCGGCCAGGACCCCGAGGGAGGCGTCGACTATAAG 


x] 
GlyAlabseThrHisGlyGlyProValLeuValI JeThrGluTyr£: 
GGAGCCERTA 


Ser Glu Gly 
AsnI leHisLeuGluLysLysTyrValArgArgAspSerGl yPheSerSerG1n6lyValAspThrTyrValGluMetArgProValSerThrSerSer---AsnAspSerPheSerGluG]lnAspLeuAspLysG luAspGl yAr gPr o 
AACATCCACCTCGAGAAGAAATATGT CCGCAGGGACAGTGGCTTCTCCAGCCAGGGTGTGGACACCTATGTGGAGATGAGGCCTGTCTCCACTTCTTCA— —AATGACTCCTTCTCTGAGCAAGACCTGGACAAGGAGGATGGACGGCCC 







5 Ser Arg 
I leHisArgAspValAlaAlaArgAsnValLeuLeuThrAsnGlyHísValAlaLysI]eGlyAspPheGlyLeu 
TCCACCGGGACGTGGCAGCGCGTAACGTGCTGTTGACCAATGGTCATGTGGCCAAGATTGGGGACT TCGGGCTG 


cz 


AlaArgAspI leMetAsnAspSerAsnTyr I leValL ysG1yAsnAlaArgLeuProVall ysTrpMetAaProG luSer1 lePheAs GySValTyrThrValGlnSerAspValTrpSerTyrGlyI leLeuLeuTrpGlullePhe 
GCTAGGGACATCATGAATGACTCCAACTACATTGTCAAGGGCAATGCCCGCCTGCCTGTGAAGTGGATGGCCCCAGAGAGCAT CTT T GA! GTCTACACGGTTCAGAGCGACGTCTGGTCCTATGGCATCCTCCTCTGGGAGATCTTC 


LeuGluLeuArgAspLeuLeuHisPheSerSerGlnValAlaGlnGlyMetA] aPheLeuATaSerLysAs 
CTGGAGCTCCGGGACCTGCTTCACTTCTCCAGCCAAGTAGCCCAGGGCATGGCCTTCCTCGCTTCCAAGAA 








SerLeuGlyLeuAsnProTyrProGly! leLeuValAsnSerL ysPheTyrLysLeuValL ysAspGlyTyrG nMetAlaG]nProA]aPheAaProL ysAsn] leTyrSer] leMetGlnAlaGy: 
TCACTTGGGCTGAATCCCTACCCTGGCATCCTGGTGAACAGCAAGTTCTATAAACTGGTGAAGGATGGATACCARATGGCCCAGCCTGCATTTGCCCCAAAGAATATATACAGCATCATGCAGGCCESC GGGCCT TGGAGCCCACCCAC 





; Leu Lys ValProAsn Ser ArgLeuLeuArgProTrpArgGlyProProleu*** 
ArgProThrPheGInGinI leg ý erPheLeuGlnGluGInAlaGInGluAspArgArgGluArgAspTyrThrAsnLeuProSerSerSerArgSerGlyGlySerGlySerSerSerSerGluLeuGluGluGluSerSerSerGlu 
AGACCCACCTTCCAGCAGATCEGOTCCTTCCTTCAGGAGCAGGCCCAAGAGGACAGGAGAGAGCGGGACTATACCAATCTGCCGAGCAGCAGCAGAAGCGGTGGCAGC CAGCAGCAGCAGTGAGCTGGAGGAGGAGAGCTCTAGTGAG 


HisLeuTh re S CR) luGlnGlyAspI leA1aGInProLeuLeuGnProAsnAsnTyrGnPhe£ SEND 
CACCTGACCEI AGCAAGGGGATATCGCCCAGCCCTTGCTGCAGCCCAACAACTATCAGTT GAGGAGTTGACGACAGGGAGTACCACTCTCCCCTCCTCCAARCTTCAACTCCTCCATGGATGRGGCGACACGGGGAGAAC 


ATACAAACTCTGCCTTCGGTCATTTCACTCAACAGCTCGGCCCAGCTCTGAAACTTGGGAAGGTGAGGGATTCAGGGGAGGTCAGAGGATCCCACTTCCTGAGCATGGGCCATCACTGCCAGTCAGGGGCTGGGGGCTGAGCCCTCACCC 
CCCGCCTCCCCTACTGTTCTCATGGTGTTGGCCTCGTGTTTGCTATGCCAACTAGTAGAACCTTCTTTCCTAATCCCCTTATCTTCATGGAAATGGACTGACTTTATGCCTATGAAGTCCCCAGGAGCTACACTGATACTGAGAAAACCA 
GGCTCTTTGGGGCTAGACAGACTGGCAGAGAGTGAGATCTCCCTCTCTGAGAGGAGCAGCAGATGCTCACAGACCACACTCAGCTCAGGCCCCTTGGAGCAGGATGGCTCCTCTAAGAATCTCACAGGACCTCTTAGTCTCTGCCCTATA 
CGCCGCCTTCACTCCACAGCCTCACCCCTCCCACCCCCATACTGGTACTGCTGTAATGAGCCAAGTGGCAGCTAAAAGTTGGGGGTGTTCTGCCCAGTCCCGTCATTCTGGGCTAGAAGGCAGGGGACCTTGGCATTGGCTGGCCACACC 
AAGCAGGAAGCACAAACTCCCCCAAGCTGACTCATCCTAACTAACAGTCACGCCGTGGGATGTCTCTGTCCACATTAAACTAACAGCATTAATGCAAAAAAAAAAAAAAAAAAAAAA 


A 


Fig. 1 Nucleotide sequence of c-fms cDNA. The nucleotide and amino-acid numbers are shown on the left. In the coding domain, the amino-acid numbers are 
shown above the nucleotide number. The 5’ in-frame termination codon, TGA, is indicated by thin underlining; the sequence at the recombination junction between 
FeLV and the v-fms gene is underlined with a wavy line; the putative signal sequence is indicated with a thicker line followed by a broken line; cysteine residues 
are shaded; putative N-linked glycosylation sites are shown by open boxes; the transmembrane region is emphasized by a black bar; two direct repeats are 
bracketed; the poly(A) addition signal is underlined and marked by an arrow. 2 
Methods. Total poly(A)-containing RNA was isolated from frozen human term placenta. Using the Agt10 vector system”, a cDNA library containing 1.5 x 10 

recombinants was constructed’, Initial screening of this library used a radiolabelled”’, 2.15-kb Clal/BgilI fragment isolated from the v-fms clone pSM- 
FeSV/Clal/ BamHI (2.66 kb)!?, Two plaque pure positive phage were characterized by Southern blot hybridization and sequenced”®”9, A 1.5-kb EcoRI fragment 
from phage Ac-fms 32 was then used to rescreen the library and detected 151 putative positive phage. This pool was then screened with a 5'-proximal 130-bp 
fragment ( ClaI/ Ніпс 1) from v-fms pSM-FeSV/Clal/BamHI. The longest of the 27 phage isolated, Ac-fms 102, was sequenced and found to contain the entire 


pre-c-fms coding sequence preceded by an open reading frame. Ac-fms 305 was found to extend further 5' and to contain an in-frame stop codon. 
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a 
а р10%%-- 
Q N R D K D R E EN K LG D Q R K I PL 
FeLV — ***CAG AAT АСА GAT AAG GAT АМТ AAT AAA СТС GGA GAT CAA АСС AAA АТА CCT CIG--- 
kkk kkk kik kk АЖА kik kik kkk kkk Ж t * x x * * * 
Q N R N K D R E E R M P S GP G H Y GA 5 А E T 
v-fms  *:*CAG AAT AGA AAT AAG GAT CGT ATG ССС АСТ GGT CCC ССТ САС TAC GGA ССТ АСС - ССТ САС ACT 
kk kk * Жі kkk kkk kkk kk kk tik k*k tik k k АА Ck k KKK kkk ck осо обо 2 
с-Ёшя ++*ACA ААС АСС CAG ТСС АСА СЕТУ CGT стс TCC AGT -GT CCC GAT CCC TGC GGA ССТ АСТ А ССТ САС АСС 
Р G P R P P L C P A 8 S C C L P T E A M G PR A LL 
v- CCA GGG CCT CGC ССА ССС СТС TGC CCT GCA TCA TCC TGC TGC СТС CCC АСТ GAG GCC АТС ССС ССА АСС GCT СТС СТС 
Ж kk kk * kk kk Ж kk kkk kik ж Jk kkk Ж ek kkk kk ЖАК kik kik kkk kik а n o 900 оса 
c-fms TCT GTG CCC TGG GCA CCT TGC АСС CCT GCA ССТ GCC TGC CAC TTC ССС АСС GAG GCC АТС ССС ССА GGA GTT CTG CT... 
M GP G V L L 
C- fms protein 
-f 925 NLPSSSRSGGSGSSSSELEEESSSEHLTCCEQGDIAQPLLQPNNTIQFC* 1% 
ares tx. 
HER 1146 |P0| DFF EAKPNGIFKGSTAENAEMLRYAPQSSEFIGA* ' . 
v-erbB 592 еткен K i ЕЕ 
le ue | E 
HIR 1269 [ENMAPIE SEELEMEF € DMENVPLDRSSHCQREEAGGRDGGSSLGFKRSYEEHI PMTHMNGGKKNGRILTLPRSNPS*® 7798 0 E RE. | 
v-ros 537 APLRIQTAFFQPL* - - i | ! ! t 
m lI | 
- 511 AFLIEONFTSTEPQHOPGENL* | | o3 
com Emi Mu 


Fig. 2 а, v-fms and c-fms recombination junction. The sequence around the putative recombination junction of FeLV'? and c-fms (Fig. 1) 
used to generate v-fms is shown. Eight common nucleotides are boxed. The reading frame іп FeLV and v-fms is translated in singlc-letter 
code. Nucleotide sequence homologies are indicated by asterisks. The putative initiation codon of the c-fms coding sequence is indicated. 0, 
Carboxy-terminal sequence differences between receptors and their oncogenic derivatives. The carboxy-terminal sequences of human c-fm: 
and feline v-fms, human epidermal growth factor receptor (HER) and avian v-erb-B?, and avian c-src and v-src^ are shown. Open boxes 
indicate homology; tyrosine residues are indicated by solid boxes. Arrows on tyrosine residues indicate phosphorylation sites; the solid filled 
arrow denotes the major autophosphorylation site of human EGF receptor”. e, Schematic comparison of structural features of cell-surface 
receptors and oncogene products. Regions of high-Cys concentration are shown as hatched boxes and single Cys residues as filled circles 
The open box in v-fms and c-fms represents a 70-amino-acid substitution in the tyrosine-kinase domain. The position of carboxy-terminal 
tyrosine residues is shown. EGFP, epidermal growth factor precursor; LDLR, low-density lipoprotein receptor; HIR, human insulin receptor, 
HER, human epidermal growth factor receptor. 


ine, followed by an ~19-23-amino-acid signal sequence, 
required for transfer of the nascent polypeptide chain into the 
lumen of the endoplasmic reticulum!6. The predicted relative 
molecular mass (M,) of the unglycosylated c-fms polypeptide 
is 105,000 and 106,000 for the 949- or 953-residue protein, 
respectively. 

During its transport to the cell surface, the feline c-fms protein 
is glycosylated to yield а 165,000- M, glycoprotein!". Eleven 
N-linked glycosylation target sites are found within the 512- 
residue amino-terminal half of the human c-fms sequence 
(Fig. 1), which represents the extracellular ligand binding 
domain of this glycoprotein receptor. The c-fms extracellular 
domain lacks the cysteine-rich repeat units!? found in the cell- 
surface receptors for EGF*, insulin" апі low-density 
lipoprotein (LDL)?. Although the cysteine content is much 
lower in c-fms, six amino-proximal residues are regularly spaced 
and are flanked by related sequences, which suggests the possi- 
bility of a symmetrically folded conformation within the 
extracellular ligand binding domain. Hydropathicity analysis of 
the c-fms sequence reveals a fivefold, 90- 100-amino-acid repeat 
of hydropathicity markers, which may indicate the presence of 
five similarly folded subdomains in this part of the c-fms poly- 
peptide (not shown). 

A stretch of 25 amino acids characteristic of a membrane- 
spanning anchor domain separates extracellular and cytoplas- 
mic parts of the sequence. At its carboxyl terminus, the trans- 
membrane sequence is followed by a highly polar and basic 


stretch of residues (Tyr-Lys-Tyr-Lys-Gln-Lys-Pro-Lys-Tvr), 
which may function as a 'stop transfer' sequence and possibly 
interact with negatively charged phospholipid headgroups on 
the cytoplasmic surface of the membrane. No threonine or serine 
residues are found in this region, which could correspond to 
threonine 654 of the EGF receptor, thought to be involved in 
protein kinase C modulation of that receptor's activity’. The 
closest potential target for protein kinase C interaction is located 
at Ser 555, eight residues downstream from the target in the 
human EGF receptor, Thr 654. 

The cytoplasmic domain of the c-fms protein is about 530 
amino acids long, and shares extensive homology with members 
of the family of tyrosine-protein kinases". These homologies 
include the probable ATP binding domain at positions 587-596 
and lysine at 616. The homology in the kinase domain is inter- 
rupted by a 70-amino-acid insertion in c-fms at residue 670, and 
fades around residue 910 towards the carboxyl terminus. Inter- 
estingly, the spacing between the transmembrane and the protein 
kinase domains is identical to that observed in EGF receptor 
and insulin receptor*'?. The c-fms protein from macrophages 
has been shown to be phosphorylated at tyrosine residues on 
addition of its presumptive ligand, CSF-1 (rcf. 21). 

Comparison of the human c-fms cDNA and derived amino- 
acid sequences with corresponding feline v-fms sequences 
reveals a high degree of sequence conservation, especially when 
one considers the evolutionary distance between these species. 
The 972-amino-acid c-fms sequence is 84% homologous with 
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v-fms. The most significant differences are found at both the 
amino-terminal and carboxy-terminal ends. Extracellular 
sequences display the lowest level of homology (7596) and 
cytoplasmic domain sequences the highest homology (9596), 
until c-fms and v-fms diverge completely, shortly before the 
carboxyl terminus at residue 933 (see Fig.1). The sequence 
differences in the extracellular domain include two in-frame 
deletions in v-fms of one and two codons, respectively (positions 
348, 349 and 455). It remains possible that the sequence differ- 
ences in this domain, of which —6096 are non-conservative, 
result in altered ligand affinity or specificity. 

The open reading frame encodes the 972-amino-acid c-fms 
protein and extends 249 nucleotides beyond the putative initi- 
ation codon into the 5’-untranslated sequence. This region 
includes a ~150-residue purine-rich sequence that starts about 
100 nucleotides upstream from the beginning of the coding 
sequence and contains short sequence repeats such as GAAGA 
or GGAAG (Fig. 1). Sequence comparisons revealed that an 
8-nucleotide sequence (GAGAGGAA) at the point of diver- 
gence between c-fms and gag-v-fms was also found in the 
relevant position of the gag gene sequence of feline leukaemia 
virus (FeLV-B)*° (Figs 1, 2a). This sequence may mark the 
point where a homologous recombination event generated the 
gag-v-fms gene. This event truncated the gag gene, and fused 
it in-frame with the pre-c-fms sequence. 5'-Untranslated sequen- 
ces of c-fms were thus converted into gag-v-fms coding 
sequences. 

Although Hampe et al!^ have previously proposed that a 
leader sequence required to generate a glycosylated gag- 
encoded protein acts as a signal sequence for the gag-fms- 
encoded protein, our data suggest the alternative, that the signal 
sequence of c-fms acts as an internal signal for membrane 
translocation in the gag-v-fms fusion polypeptide. This also 
offers a possibility for the as yet unknown processing mechanism 
of gp1809^*!"* to generate p55*'* and gp120/"* by signal pep- 
tidase cleavage at the end of the c-fms leader sequence. 

We have localized the 3' junction between c-fms and FeLV 
to the pol gene at a point 595 nucleotides upstream from the 
env gene initiation codon (results not shown), by comparison 
with sequences of FeLV-B (J. Elder, personal communication). 
This is consistent with previous observations that the env gene 
product of SM-FeSV is intact'^P?, No homologous or overlap- 
ping sequences were discerned when v-fms or c-fms sequences 
were compared with ~500 nucleotides constituting the 3’ end 
of the feline pol gene and 5' end of the env gene. Inspection of 
v-fms and c-fms sequences reveals that the two diverge com- 
pletely at amino acid 933. The c-fms protein extends for 40 
additional amino acids, while the v-fms coding sequence termin- 
ates after 11 unrelated codons of unknown origin (Figs 1, 2b). 

The region in which the carboxyl termini of v-fms and c-fms 
sequences diverge is flanked by two GCAGCAGCAG repeats 
(Fig. 1) which may have been involved in sequence truncation 
by recombination. When the sequence of another fms-containing 
retrovirus, HZ5-FeSV, was compared with the v-fms and c-fms 
sequences described here, the point of sequence divergence 
between the two v-fms sequences was identical to that shown 
in Fig. 1. Homology between c-fms and the HZ5-FeSV v-fms 
gene continues beyond the point of divergence between c-fms 
and the SM-FeSV v-fms genes (P. Besmer, personal communica- 
tion). The carboxyl terminus of the v-fms protein of HZ5-FeSV 
is also altered, but differs from that of SM-FeSV, thus excluding 
the possibility that the carboxyl-termini differences are due to 
species-specific divergence. As two c-fms-derived oncogenes 
have undergone structural alterations at their carboxyl termini, 
this may represent an important event in the conversion of the 
cellular fms/CSF-1 receptor gene into a gene capable of causing 
transformation in vitro and tumours in vivo. 

Figure 2b, c compares the tyrosine-kinase family oncogenes, 
v-erb-B, v-fms and v-src and their cellular relatives, the EGF 
receptor, c-fms/CSF-1 receptor and с-ѕғс. AH three viral 
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oncogenes have an altered carboxyl terminus compared with 
their putative cellular cognate. The v-ros gene product””, which 
is closely related to the insulin receptor, also has an altered 
carboxyl terminus compared with the c-ros gene product (L.-H. 
Wang, personal communication). In all cases the carboxyl ter- 
mini of cellular cognates contain tyrosine residues, which have 
an important role in signal transduction. A tyrosine residue is 
found at position 969 of c-fms in a location similar to that for 
the EGF receptor tyrosine 1,173, which is a major autophos- 
phorylation substrate for the ligand-induced tyrosine-autophos- 
phorylation activity”. Interestingly, the corresponding tyrosine 
is also missing from the deduced v-fms protein encoded by 
either SM-FeSV or HZ5-FeSV. This is also true of Tyr 527 in 
the c-src protein, which is missing from v-src because of an 
altered carboxyl terminus”*. 

Oncogenes of the transmembrane tyrosine kinase type (v-ros, 
v-erb-B, v-fms) differ in their extracellular domains (Fig. 2c). 
v-ros and v-erb-B are related to polypeptide hormone receptors 
that possess cysteine-rich sequence repeats in their extracellular 
ligand-binding domains®*’®. This family includes the non- 
tyrosine-kinase LDL receptor’, as well as the EGF precursor, 
which may be a receptor for an unknown ligand in addition to 
being the precursor for EGF!*?. Both v-ros and v-erb-B lack 
most of these extracellular ligand-binding domain sequences, 
including the cysteine-rich repeats. In contrast, c-fms retains 
the entire putative ligand-binding domain of c-fms/CSF-1 
receptor. Interestingly, this glycoprotein is not a member of the 
receptor family containing the cysteine-rich clusters. This 
difference between v-fms and v-ros/v-erb-B may reflect alterna- 
tive mechanisms used by the respective receptor molecules to 
control transmembrane signal generation. Double truncation of 
cellular ros and erb-B proto-oncogenes may be necessary to 
generate a transforming gene, while a single carboxyl-terminal 
truncation of the c-fms gene may yield the same result. 
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The Philadelphia chromosome (Ph’) is found in the blood cells of 
about 90% of patients with chronic myeloid leukaemia (CML) 
and usually results from the reciprocal chromosome translocation 
t(9; 22)". This translocation relocates the proto-oncogene c-abl, 
normally found on chromosome 9434, to within the breakpoint 
cluster region (bcr) on chromosome 22q11 (refs 3-8). The juxta- 
position of c-abi and the 5' portion of bcr appears to be the critical 
genomic event in CML and results in a novel 8-kilobase (kb) fused 
abl/bcr transcript?!? and a c-abl-related protein of relative 
molecular mass 210,000 (ref. 11). About 10% of adult patients 
diagnosed as CML lack the Ph' chromosome; they represent a 
heterogeneous group of disorders which are difficult to diagnose 
precisely. We have examined five patients with СМІ, whose 
leukaemic cells have a normal karyotype. We report here that two 
of the patients showed the same genomic change as occurs in 
Ph'-positive CML, but the change resulted from a mechanism 
other than chromosomal translocation. The remaining three 
patients showed no genomic rearrangement. This genomic diversity 
correlated with the clinical differences between the patients. 

The abl oncogene is located on chromsome 9 and previous 
in situ hybridization studies have shown that it is translocated 
to the Ph’ chromosome іп СМІ? In situ hybridization of an 
?H-labelled v-abl probe? to metaphase cells of a Ph'-negative 
patient (patient 1) resulted in specific labelling of the terminal 


Fig. 1 Distribution of sites labelled with the 

v-abl probe in leukaemic cells from patient 1. | 
Major clusters of grains occur on chromosome 
9 at 9434 and on chromosome 22 at 22411-12. 
A small cluster of grains was also observed at 
band 20q12 (P<1%), suggesting that cross- 
hybridization to c-sre had occurred; the c-src 4 
probe shows a similar cross-hybridization to 
c-abl (ref. 24). 

Methods. Leukaemic cells were cultured and 
mitoses synchronized by the method of Yunis?’ 
and G-banded”*. All cells had a normal karyo- 
type. The psub-9 v-abl probe’? was labelled by 
nick-translation to a specific activity of 1.6-3 x 

10" d.p.m. ше”! using ?H-dATP and ?H-dCTP. 

In situ hybridization procedures were essen- 1 
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region of chromosome 9q and the proximal half of chromosome 
22q. Figure 1 shows the distribution of labelled sites in 138 
metaphase cells, representing the combined result of two in situ 
hybridizations to cultured leukaemic blood cells. All G-banded 
and R-banded celis had a normal karyotype. Sixteen cells were 
labelled at band 9434 of chromosome 9, and 21 cells were 
labelled in the proximal half of chromsome 22q. The probability 
of each of these distributions was «0.196 on the basis of unit 
chromosome length and also on the basis of the number of 
grains per labelled chromosomal site. This is the same oncogene 
shift as occurs in the standard Ph' translocation, but the chromo- 
somes 22 of our patient showed no morphological evidence of 
translocation and this was confirmed by in situ studies which 
showed that c-sis remained on chromosome 22 (Fig.2). In 
Ph'-positive CML, c-sis is translocated from chromosome 22 to 
chromosome 9 (ref. 14). Furthermore, a bcr probe which has 
homology with the 3' end of bcr was also present on chromosome 
22 and not translocated to chromosome 9q (Fig. 2) as in the 
standard t(9; 22)^*. These results suggest an insertion of DNA 
carrying c-abl in an otherwise normal chromosome 22. 
Restriction enzyme analysis of DNA from patient 1, using 
the 3’ ber (Ніпап1- BglII) plasmid probe’, showed the presence 
of a new fragment in BamHI, BglII and BglII- XhoI digests of 
leukaemic DNA compared with control DNA from the same 
patient (Fig. 3, lanes 1-2, 5-6 and 9-10, respectively). HindIII 
and Ве П-5асі digests were identical in leukaemic and control 
DNA (Fig. 3, lanes 3-4, 7-8). These results suggest the presence 
of a break in the ber gene —0.6 kb downstream of exon 3 and 
between the XhoI and SstI restriction sites (Fig. 5); such a break 
separates the 5’ and 3’ portions of ber and would allow, in our 
patient, insertion of c-ab! adjacent to the 5’ portion of ber, a 
position that appears to be characteristic of CML and essential 
for production of the 8-kb hybrid abl-bcr RNA transcript®?°. 
Restriction enzyme analysis of leukaemic DNA from patient 
2 using the same ber probe showed rearrangements in HindIII, 
BamHI and EcoRI digests (Fig. 4, lanes 1, 2, 4), but not in a 
BglII digest (Fig. 4, lane 3). A BglII-SacI digest also demon- 
strated a ber rearrangement (data not shown). We conclude that 
in patient 2 a breakpoint occurred within the ber gene between 
the HindIII and BglII sites (Fig.5). Both patients 1 and 2 
showed the same type of rearrangements as occur in the 5.8-kb 
bcr region following the relocation of c-abl to the ber region in 
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Fig.2 Distribution of sites labelled with the 3'-bcr^ and v-sis 

probes? on chromosomes 9 and 22 of leukaemic cells from patient 

1. ?H-labelling of probes and in situ hybridization were done as 
described in Fig. 1 legend. 


Ph'-positive CML”, yet the leukaemic cells of both patients 1 
and 2 were Ph'-negative and had normal karyotypes. 

Three further Ph'-negative patients were studied and none of 
them showed the gene rearrangements characteristic of Ph'- 
positive CML. Hybridizations using the ber probe showed no 
rearrangements in HindIII, BamHI or EcoRI digests of 
leukaemic DNA from patient 3 (Fig. 4, lanes 5-7) or in HindIII, 
BamHI and BglII digests from patient 4 (Fig. 4, lanes 8-10). 
In situ hybridization of the ?H-labelled v-abl probe to chromo- 
somes of leukaemic cells from patient 5 showed specific labelling 
only at the terminal region of chromosome 9q—the same result 
as that obtained for a normal control (data not shown). 

Two of our Ph’-negative CML patients showed the same 
genomic changes as occur in Ph’-positive CML, the other three 
patients did not. This genomic heterogeneity correlated with the 
clinical variation shown by patients presently diagnosed as being 
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Fig. З Southern blot hybridization of the ber probe to DNA from 
leukaemic cells of patient 1. Control DNA from Epstein-Barr 
virus-transformed lymphocytes of patient 1 is shown in the odd- 
numbered lanes and leukaemic DNA in even-numbered lanes. The 
DNA samples were digested with the following enzymes: BamHI 
(lanes 1, 2), HindIII (lanes 3, 4), BglII (lanes 5, 6), BglII-SacI 
(lanes 7, 8), and BglII- XhoI (lanes 9, 10). Southern blots were 
prepared” and hybridized with a nick-translated?? 1.2-kb HindIII- 
BglII ber insert’. Filters were washed at 68°C in 0.1х55С, 
0.5% SDS. A markers ( HindIII- EcoRI) are indicated on the left 
(in kb). Further studies indicated that the 5.1-kb bands in lanes 9 
and 10 were the result of modification of the Xho! site rather than 
partial digestion. 
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Fig. 4 Southern blot hybridization of a bcr probe to DNA from 
leukaemic cells of patients 2-4 (a-c, respectively). DNA samples 
were digested with HindIII, BamHI, BglII and EcoRI (a, lanes 
1-4 respectively); HindIII, BamHI and EcoRI (b, lanes 5-7); and 
HindIII, BamHI and Веі (c, lanes 8-10). Southern blots were 
prepared and processed as described in Fig. 3 legend. 


Ph’-negative’*. These patients usually present at an older age, 
have monocytosis, thrombocytopenia, a poor response to 
chemotherapy and a shortened survival, but a subgroup of 
Ph'-negative CML patients show clinical and haematological 
features which are indistinguishable from patients with the Ph' 
chromosome'?"'*, Our patients 1 and 2 were of the latter type, 
and it is significant that these patients showed essentially the 
same genomic rearrangement as occurs in Ph'-positive cases, 
while retaining an apparently normal karyotype. The clinical 
courses of patients 1 and 2 have not differed in any way from 
that seen in Ph'-positive CML. These patients, who are 26 and 
49 yr old, are in the chronic phase of CML (6 yr and 4yr 
respectively after diagnosis). Both also showed cell colony 
growth characteristic of CML when buffy coat blood cells were 
plated on soft agar with colony-stimulating factor (CSF)'?. Our 
remaining three patients (3-5) represented the more usual type 
of Ph'-negative CML: all three were 270 yr old at diagnosis and 
had a monocytosis in the blood of 4-14 x 10? 17. АП responded 
poorly to treatment with progressive thrombocytopenia and 
none survived for more than 10 months. Blood cells of patients 
3 and 4 did not show the distinctive CML pattern in soft agar 
with CSF!? (patient 5 was not tested). These three patients 
differed clinically and genomically from true CML patients and 
they probably were suffering from a different haematological 
disease: a case can be made for their inclusion in the myelo- 
dysplastic syndrome!??, 

True CML is characterized by the juxtaposition of c-abl and 
bcr, and the use of molecular probes will allow the accurate 
diagnosis of CML patients, whether or not they have a visible 
chromosomal translocation. Movement of c-abl from chromo- 
some 9q to chromosome 22 has been demonstrated not only in 
the standard Ph' translocation t(9; 22), but also in several variant 
and complex translocations^$?!, Some of the cases with com- 
plex translocations appear to be Ph'-negative, but they carry 
‘masked’ Ph’ chromosomes?'-?, Our results show that c-abl and 
ber can be associated in Ph'-negative CML without apparent 
chromosomal translocation, but as the result of a separate 
mechanism which relocates DNA within the cell. 
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Fig. 5 Restriction enzyme map of the break- 
point cluster region (bcr) of chromosome 22 
after Heisterkamp et al’. The sites of break- 
points found in patients 1 and 2 are indicated. 
The broken line represents the location of the 
1.2-kb bcr probe used in these experiments. 
Enzymes used to construct the map were: Араї 
(А), BamHI (В), BglIl (Bg), EcoRI (E), 
HindIII (H), PstI (P), Smal (S), 55:1 or Sacl 
(Ss) and Xhol (X)5. 
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Classical yeast genetics coupled with the cloning of regulatory 
genes by complementation of function’? is a powerful means of 
identifying and isolating trans-acting regulatory elements? 9. One 
such regulatory gene is ADRI which encodes а protein required 
for transcriptional activation of the glucose-repressible alcohol 
dehydrogenase (ADH2) репе. We now report the nucleotide 
sequence of ADR1; it encodes a polypeptide chain of 1,323 amino 
acids, of which the amino-terminal 302 amino acids are sufficient 
to stimulate АРН2 transcription. This active amino-terminal 
region shows amino-acid sequence homology with the repetitive 
DNA-binding domain of TFIIIA?, an RNA polymerase III tran- 
scription factor of Xenopus laevis'^. Similar domains are found 
in proteins encoded at the Krüppel!! and Serendipity”? loci of 
Drosophila melanogaster. We discuss the implications of this struc- 
tural homology and suggest that a similar domain may exist in 
other yeast regulatory proteins such as those encoded by GAL4 
(ref. 13) and РРКІ (ref. 14). 

Figure 1 shows the complete nucleotide sequence of ADR1 
and the predicted amino-acid sequence of the encoded protein. 
In addition to 3,969 base pairs (bp) of coding-region DNA, 
610 bp of 5'-noncoding and 1,560 bp of 3'-noncoding sequence 
were determined. The presumed initiator methionine codon is 
flanked by sequences favourable for initiation of translation in 
eukaryotes'*!° and is preceded by two TAA termination codons 
in the same reading frame. The DNA sequence of ADR1 encodes 
a polypeptide of 1,323 amino acids with a calculated relative 
molecular mass of 150,985. 

Table 1 illustrates the codon usage for the ADRI gene. In 
Saccharomyces cerevisiae a correlation is observed between high 
levels of gene expression and a bias towards preferred codons 
which are complementary to the anticodons of the major isoac- 
ceptor transfer RNA species’’. The calculated codon bias index 
for ADRI is very low, 0.076, indicating a lack of preferred 


codons and predicting a low level of expression. 

Several features of the predicted ADR! protein are 
noteworthy. The amino-acid composition of the amino-terminal 
region of the protein is highly basic: residues 62-256 are 21% 
lysine + arginine and only 7% glutamate-r aspartate. One por- 
tion of this region, residues 203-228, is 41% lysine + arginine. 
Chou and Fasman conformational parameters! predict that 
residues 214-254 could form an a-helical structure. There are 
five cysteines between residues 106 and 140, a region that shows 
striking homology to ТЕШ, as described below. Three poten- 
tial sites of phosphorylation are found in the amino-terminal 
230 amino acids of ADR1; there are none in the rest of the 
protein. The sequence Arg-Arg-Ala-Ser at residues 227-230 fits 
one of the two main patterns of acceptor sites for phosphorvla- 
tion of the serine residue by bovine type II cyclic AMP-depen- 
dent protein kinase?. The sequences Arg-Lys-Asn-Ser at 
residues 177-180 and Arg-Lys-Ala-Ser at residues 209-212 are 
also potential phosphorylation sites but have reduced affinity 
for the type II cyclic AMP-dependent protein kinase"!. 

The most interesting feature of ADR1 is the apparent struc- 
tural homology to TFIIIA, a transcription factor for RNA poly- 
merase III from X. laevis”. TFIIIA promotes formation of a 
stable transcription complex by binding to the internal control 
region of 5S genes'. The predicted amino-acid sequence of 
ADRI was used in a homology search conducted for us by Dr 
Russell Doolittle, using an updated version of the NEWAT 
database”; the only significant match was to TFIIIA. The region 
of sequence homology with ADRI is in a region of TFIIIA 
which binds 5S genes^^ (Fig. 2). TFIIIA contains a 30-amino- 
acid motif repeated nine times in tandem in the DNA-binding 
domain’. The most conserved residues of a repeat unit are two 
cysteines, two histidines and three invariant hydrophobic 
residues: tyrosine, phenylalanine and leucine. An acidic residue 
is present between the cysteines, and basic residues, or residues 
with DNA-binding side chains, are positioned in the 12-residue 
stretch between the cysteines and histidines. ADRI contains 
two repeat units at positions 98-126 and 127-155 which match 
the TFIIIA consensus sequence. The conservation of residue 
type and position suggests that ADR1 may have a function 
similar to that of TFIIIA. It is possible that ADR! binds to the 
upstream activation site (UAS) of ADH2 (refs 8, 25) through 
this region of the protein, and establishes a functional transcrip- 
tion complex. 

ADRI and TFIIIA have another feature in common. Follow- 
ing the postulated repeated structure in each protein there is a 
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zs —— LETTERS TONATURE 


-600 -579 -558 -500 -490 
TCGATAGTTAGCCGTTGTGAACTAAATAAAAGTGATATTTTTTCGTIGTTCTTTTCTIGGTTTCGCGGTGTTTTCATTTGTTT TCATGTTTTACTTCGCCACAGGTTTTCAAAGAACAAC 

-488 -470 -450 -440 -430 -420 -410 -390 -380 -378 
GCCTTAAAAATAGGAAMACGTTTTCGCTACAGGTGTIGTTATTATTGTTGTTGTGCTGTTGTITATTGTGCTATACTTGTGGTATTTATTCTGGACTTCOGATCGGAMATTTTCTICCCT 

-360 -350 -330 -320 -310 -300 -290 -278 -260 -250 
TGAAGACCTITTGAAGACAACAGTTATATATCATTGATCTGAATTTCTCAGGCTATTTTCAAAATTCCATACCTCCTTATTCCAACATTTGCTCGACTACTATAGAAMAGCCTTATTCTT 
-220 -209 -190 -189 -150 


-590 -588 -568 -548 -530 -520 -510 


-460 -4ee 


-340 -280 

-249 -230 -210 -130 

TYATCTTTGAAACAAAGAAAAGGTGTCATAGCAAAAGTTTATTGTTACTCTGTTTTGATATACTCCCTCTTATTCGTTGGAAGTATAAGATTGATTTGCATAAATTAACCAATCATTTTÓ 

-120 -110 ~180 -90 -80 -79 -60 -50 -40 -30 -20 -10 

CTACTTTCCÓGGT ТСТСССЇТТАТТАТАААСАСТТСАСАААААТАТТСТССТАСТАТТССТТАСТТТАСТАТААСААТТ Т ТСТТТТССААААААААААААТАТААААААААТААТСАТАС 
e 19 20 39 40 5e 60 76 rr] 


TCTATTACT ATG ССТ AAC GTA GAA AAA CCA AAC GAT TOT TCA GGC TTT ССС СТТ GTT САС TTG AAT ICG TGC TTT TCT AAC GGC TIC AAT 
Met Alo Asn Val Glu Lys Pro Asn Asp Cys Ser Gly Phe Pro Vol Vol Asp Leu Asn Ser Cys Phe Ser Asn Gly Phe Asn 


90 199 119 120 130 140 150 160 170 


AAT GAG AAA САА GAA АТА GAA ATG GAA ACG САТ GAT TCA ССС АТТ TTA TTA ATG TCA TCA TCA ССТ TCC АСА GAA AAC TCA ААС ACT TTC 
Asn Glu Lys Gin Glu Ile Giu Mel Glu Thr Asp Asp Ser Pro 11е Leu Leu Met Ser Ser Ser Ala Ser Arg Glu Asn Ser Aan Thr Phe 


180 198 200 210 228 230 2 240 259 260 


ТСТ GTG ATA CAG AGG ACG ECA GAT GGA AAG АТС АТТ АСС АСА AAT ААТ AAT АТС AAC ТСС AAG АТТ AAG AAG CAA СТС GAC AAG ТТС ССС 
Ser Vol lie Gin Arg Thr Pro Asp Gly Lys 116 116 The Thr Asn Aan Asn Met Asn Ser Lys lle Asn Lys Gin Leu Asp Lys Leu Pro 


270 280 290 368 319 320 33e 348 358 

i H i А ‘ : : 
GAA AAT TTA АСС CTT AAT GGT АСА АСС ССС AGT GGG AAA СТА AGG TCA ТТТ GTT TGC GAG GTT TGT ACG AGA GCG ТТС GCA АСА CAA GAG 
Gtu Asn Leu Arg Leu Asn Gly Arg Thr Pro Ser Gly Lys Leu Arg Ser Phe Vol Cys Glu Val Cys Thr Arg ‘Ala Phe Ala Arg Gin Glu 
368 378 38e 390 400 410 420 43e 440 


CAC TTG AAA AGA CAT TAC AGA TCG CAT ACA AAT GAA AAA CCT TAT CCC TGT GGC CTC TGC ААС AGA ТСС ТТТ АСТ AGG AGG GAC TTA cic 
His Leu Lys Arg His Tyr Arg Ser His The Asn Glu Lys Pro Tyr Pro Cys Gly Leu Cys Asn Arg Cys Phe Thr Arg Arg Asp Leu Leu 
MUEVE ME TE 


450 460 470 489 490 500 516 520 530 


АТС AGG CAT ССТ САА ААА ATC CAT AGT GGT AAT TTA GGG САА ACG ATT TCC САТ АСС ААС AAA СТС ICG АСА ACT АТА ACT AAA ССТ сӛс 
lle Arg His Ala Gin Lys lle His Ser Gly Asn Leu Gly Glu Thr tle Ser His Thr Lys Lys Vol Ser Arg Thr lie Thr Lys Ala Arg 
SE SSS SES — 


540 550 560 579 58e 59e 680 510 620 


AAA AAT TCT GCA TCC TCA GTC AAG TTT CAA ACT CCA АСС ТАТ GGT ACT CCA GAT AAT GST AAT ТТТ TIG AAT CGC ACT ACT GCC AAT ACA 
Lys + Ser Aia Ser Ser Val Lys Phe Gin Thr Pro Thr Tyr Gly Thr Pro Asp Asn Gly Asn Phe Leu Asn Arg Thr Thr Ata Asn Thr 
LA 

630 646 650 660 67е 680 698 70e 71е 


AGA AGA ААА ССА AGC ССТ САА ССТ AAT GIT ААА ССТ ААС ТАС TTG AAA AAA СТС ACG CGC АСС ССТ ICA ТТТ AGC ССА САА TCA ССА ТСС 
Arg Arg Lys Alo Ser Pro Glu Alo Asn Val Lys Arg Lys Tyr Leu Lys Lys Leu Thr Arg Arg Alo Ser Phe Ser Ala Gin Ser Alo Ser 
fol BE A ahh Le 


720 73e 746 750 760 778 780 798 bee 


AGC TAT СС? TTG ССС САС САА TCT ТСС CTA GAA САА CAT ССА AAG САТ CGT GTT AAA ТТТ ТСТ ACG CCT GAA ТТА СТТ CCA СТТ САС TTG 
Ser Tyr Ala Leu Pro Asp Gin Ser Ser Leu Glu Gin His Pro Lys Asp Arg Val Lys Phe Ser Thr Pro Glu Leu Val Pro Leu Asp Leu 


810 820 830 B40 858 860 870 880 598 


AAG AAT CCT GAA CTT GAC TCT TCG TIT GAC СТО ААТ ATG AAT СТА GAT TTA AAC СТА ААТ СТА САТ ICC AAT TTC AAT ATA ССА ТТА ААС 
Lys Asn Pro Glu Leu Asp Ser Ser Phe Asp Leu Asn Met Asn Leu, Asp Leu Asn Leu Asn Leu Asp Ser Asn Phe Asn lle Ala Leu Asn 


93e 94e 95e 968 970 980 


-178 -168 —140 





900 910 920 


ССТ TCT GAT TCT TCT GGA TCA АСА ATG AAT TTG GAT ТАТ AAA TTG CCC GAA TCA ССА ААТ AAC ТАС АСА TAT ICT ICC GGC TCA CCA ACC 
Arg Ser Asp Ser Ser Gly Ser Thr Met Asn Leu Asp Tyr Lys Leu Pro Glu Ser Ala Asn Asn Tyr Thr Tyr Ser Ser Gly Ser Pro Thr 


990 1008 1018 1828 тезе 1848 1858 1860 1970 


ССС GCA TAT GTC GGC ССТ ААС АСС AAT ТСТ AAG ААС ОСТ TCA ТТТ AAT GAC GCA САС TTA TTG ICG ICG ТСС ТАС TGG АТА AAA GCC ТАТ 
Arg Alo Tyr Val Gly Alo Asn Thr Asn Ser Lys Asn Ala Ser Pho Asn Asp Alo Asp Leu Leu Ser Ser Ser Tyr Trp 11е Lys Ala Tyr 


1080 1898 1100 1120 1130 1140 1150 1160 


AAT GAT CAT !TG TTI TCA GTA ТСТ GAA AGT GAT GAA ACT TCT ССА ATG AAC ICT САА ТТА AAC GAC ACT AAA ТТА ATC СТС ССА GAT ТТТ 
Asn Asp His Leu Phe Ser Voi Ser Glu Ser Asp Glu Thr Ser Pro Met Asn Ser Glu Leu Asn Asp Thr Lys Leu lle Val Pro Asp Phe 


1178 1180 1190 1288 1210 1220 1238 1240 1250 


AAA ТСС ACT АТА CAT САТ TTG AAG GAT TCA AGG TCC ТСС ТСТ TGG АСТ GTT GCT АТА САТ AAT AAT АСС ААТ AAC AAT AAG GTA TCA GAC 
Lys Ser Thr 11е His His Leu Lys Asp Ser Arg Ser Ser Ser Trp Thr Vai Alo 11е Asp Asn Asn Ser Asn Asn Asn Lys Val Ser Asp 


1260 1270 1280 1290 13e8 1318 1328 1336 1348 


AAC CAA CCT GAT ТТС СТС GAT TTT CAA GAA СТС СТС GAT AAT САТ АСТ TTA GGT AAT GAT TTG TTA GAG АСС АСТ ССС СТТ TTA AAA GAA 
Asn Gin Pro Asp Phe Val Asp Phe Gin Giu Leu Leu Asp Asn Asp Thr Leu Gly Asn Asp Leu Leu Glu Thr Thr Alo Vol Leu Lys Glu 


1350 1360 1370 1388 1390 .1410 1420 1430 


ТТТ GAA CTT TTA CAT-CAT GAT AGC СТА AGT GCT АСС GCC ACG TCA ААТ GAG АТТ GAC CTT TCC CAT TTG AAC CTA ICA ААС ICT ССА АТТ 
Phe Glu Leu Leu His Asp Asp Ser Val Ser Alo Thr Ala Thr Ser Asn Glu lle Asp Leu Ser His Leu Asn Leu Ser Asn Ser Pro !le 


1440 1450 1468 1478 1468 1498 1500 1519 1529 


ICT CCT САР ААС ТТА ATT TAT AAG AAT AAA САС GGG ACC ААТ САС САТ ATG ТТС ATT ТСТ TTC GGA СТС GAT CAT ССТ TCC AAT CGC GAA 
Ser Pro Ніз Lys Leu 11е Tyr Lys Asn Lys Glu Gly Thr Asn Asp Asp Met Leu 11е Ser Phe Gly Leu Asp His Pro Ser Asn Arg Glu 


1558 1540 1558 1560 1578 1568 1590 1606 1618 


GAT GAT CTG GAT AAG СТА IGT ААТ ATG АСС АСА GAT СТТ САА GCC ATA TTC AGT CAA ТАТ TTG ААА GGA GAA САС ICT AAA CGA ТСС СЇС 
Asp Aep Leu Asp Lys Leu Cys Asn Met Thr Arg Asp Vol Gin Ala lle Phe Ser Gin Tyr Leu Lys Gly Glu Glu Ser Lys Arg Ser Leu 


1620 1639 1649 1656 1660 1670 1660 1698 1768 


GAA GAC ТТІ TTA TCA ACG TCA AAC AGG AAA GAA AAG CCA GAT AGC GGC AAC TAT ACT TTT TAT GGG TTA GAT IGT TTA ACG ТТА ТСС AAA 
Glu Asp Phe Leu Ser Thr Ser Asn arg Lys Glu Lys Pro Asp Ser Gly Asn Tyr Thr Phe Tyr Gly Leu Asp Cys Leu Thr Leu Ser Lys 


1710 1720 1730 1740 1756 1760 1770 1760 1790 


ATA TCA AGA GCT CTG CCG GCC TCC ACT GTG AAC AAC AAT CAG CCA TCG CAT TCC ATA GAA TCA AAG CTA TTT AAT GAA CCA ATG AGA AAT 
Ile Ser Arg Alo Leu Pro Ala Ser Thr Val Asn Asn Asn Gin Pro Ser His Ser 11е Glu бес Lys Leu Phe Asn Glu Pro Met Arg Asn 


1800 1818 1820 1836 1840 1850 1860 1876 1880 


АТС TGC АТ? AAA GIG CTT AGA TAC ТАТ GAA AAG TTC AGT CAT GAT AGT AGT GAG AGT GTC ATG GAC TCT AAT CCA AAC TYG СТС ICC AAA 
Met Cys Ile Lys Val Leu Arg Tyr Tyr Glu Lys Phe Ser His Asp Ser Ser Glu Ser Val Met Asp Ser Asn Pro Asn Leu Leu Ser Lys 


1898 1900 1910 1920 1938 1950 1968 1970 


GAA TIG ТТА `АТС ССА GCT GIG АСТ GAA ТЇС AAC GAA TAT ТТА GAT СТТ TTC ААС ААТ ААТ ТТС CTT ССС САТ ITC ССТ АТТ АТТ CAC CCA 
Glu Leu Leu Met Pro Alo Vol Ser Glu Leu Asn Glu Tyr Leu Asp Leu Phe Lys Asn Asn Phe Leu Pro His Phe Pro ile tle His Pro 


1989 1990 2000 2010 2020 2030 2048 2050 2060 


AGC TTG CTT GAT TTG GAT 116 GAT AGC TTG CAA ССА TAT ACT AAT GAG САТ GGG ТАТ GAT GAC GCT САА AAC GCG САС TTG ТТТ САТ ССА 
Ser Leu Leu Asp Leu Asp Leu Asp Ser Leu Gin Arg Tyr Thr Asn Glu Asp Gly Tyr Asp Asp Ala Glu Asn Ala Gin Leu Phe Asp Arg 


2070 2000 2090 2100 2116 2126 2156 2140 2150 


ТТА AGT CAA GGG АСА GAT AAA GAA TAT GAT TAC GAG CAC ТАТ CAA АТС TTG ТСС АТТ ТСС AAA АТС GIT ТСТ ТТА ССС TTA TIT ATG GCC 
Leu Ser Gin Gly Thr Asp Lys Glu Tyr Asp Туг Glu His Туг Gin 11е Leu Ser tle Ser Lys Ile Val Cys Leu Pro Leu Phe Met Alo 


2160 2176 2186 2198 2200 2210 2220 2230 2248 


АСА ТТТ өсі TCT TTG CAT AAG TTC GGT TAC AAA ICT CAA ACA ATA GAA ТТС TAT GAG atc AGT AGA AGA ATT CTA CAT TCT TTT TTG GAG 
Thr Phe Gly Ser Leu His Lys Phe Gly Tyr Lys Ser Gin Thr 11е Glu Leu Tyr Glu Met Sé Arg Arg 11е Leu His Ser Phe Leu Glu 


2258 2260 2270 2280 2290 2300 2310 2320 2330 


ACT AAA AGA AGG TGT CGC AGT ACA ACA GTA AAT GAC AGT TAT CAG AAC ATT IGG TTG ATG CAA ICC CTA ATA TTG AGC TTC ATG ТТС ССТ 
Thr Lys Arg Arg Cys Arg Ser Thr Thr Val Asn Asp Ser Tyr Gin Asn lle Trp Leu Met Gin Ser Leu lle Leu Ser Phe Met Phe Alo 


1110 


1400 


1940 


Fig. 1 Nucleotide sequence of the 
ADRI gene and the predicted 
amino-acid sequence of the encoded 
protein. The amino-acid sequence of 
the ADRI open reading frame is 
given below the nucleotide sequence 
starting with the putative initiation 
codon, which is designated +1, and 
ending with a TGA termination 
codon at +3,970. Two TAA termina- 
tion codons are present 18 and 27 bp 
upstream of the ATG initiation 
codon and define the 5’ boundary of 
the open reading frame. Translation 
termination codons are found in the 
other two reading frames within 55 
nucleotides of the termination codon 
of the open reading frame. The 610 
nucleotides of 5'-untranslated and 
1,560 nucleotides of 3’-untranslated 
sequence contain no large open read- 
ing frames on either strand. Potential 
phosphorylation sites in the amino- 
acid sequence are indicated by thin 
lines. TFIIIA-like repeats are indi- 
cated by thick lines. 

Methods. DNA for sequence analysis 
was derived from plasmid YRp7- 
ADRI-411 (ref. 5). Small overlap- 
ping DNA fragments were cloned 
into the replicative form of Mi3mp 
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phages**. Host strain JM103 was 
used for transformation by recom- 
binant DNAs'^. Sequence analysis 
by the dideoxy chain terminator 
method was initiated with the EcoRI 
fragment (454 to +1,005) known to 
lie within the ADRI functional 
region? and extended in both direc- 
tions to include the ADRI open 
reading frame and 5' and 3' flanking 
sequences shown. Approximately 
80% of the contiguous DNA 
sequence was derived from both 
strands of DNA. Where only one 
orientation of DNA provided unam- 
biguous data, the sequence was 
determined from two or more 
different clones. Fidelity of the 
analysis was checked by cleaving the 
DNA with most of the restriction 
enzymes having 6-base recognition 
sites which were predicted to cut the 
DNA within the coding region. As 
another check on the sequence, the 
ADRI gene was fused at the BglII 
site at codon 642 to the lacZ gene. 
A fusion protein of the predicted size 
was made (data not shown), demon- 
strating that the predicted reading 
frame was used in yeast. 


LETTERSTO NATU ed cl 


2340 2350 2368 2370 2380 2599 2408 2418 2420 


СТА СТІ ССТ GAT ТАТ TTG GAG ААА АТТ GAC ТСС ICT TTG АТС AAA АСС САА TTG ТСС ССА TTA IGT TCA АСС ATC AGA TCA AAC TGT TTA 
Leu Vat Ala Asp Tyr Leu Glu Lys 11е Asp Ser Ser Leu Met Lys Arg Gin Leu Ser Ala Leu Cys Ser Thr ilo Arg Ser Asn Cys Lou 


2430 2440 2458 2468 2478 2480 2498 2500 2310 


ССС ACA ATI TCT ССА AAT ТСТ GAG AAG АСТ ATC AAT AAT ААС ААТ GAA ССТ TTA ACA TIT GGT TCT CCT СТТ САА TAC АТС ATT TTT САС 
Pro Thr ile Ser Ala Asn Ser Glu Lys Ser 116 Asn Asn Asn Asn Giu Pro Leu Thr Phe Gly Ser Pro Leu Gin Tyr 110 Ilo Pho Glu 


2528 2530 2549 2556 2560 2570 2580 2590 2609 


ICA AAA ATT АСА ТСС ACC TTA АТС ССТ TAT САТ TTT IGT CAG TTC TTG AAA IGT ТТС ТІС CAT АТТ ААА TTC САТ TTG ICT ATA ААС САА 
Ser Lys 11е Arg Cys Thr Leu Met Ala Tyr Asp Phe Суз Gin Phe Leu Lys Cys Phe Phe His lie Lys Phe Asp Leu Sor ilo Lye Glu 


2610 2620 2638 2640 2650 2660 2678 2680 2690 


AAA САТ СТІ GAA АСС АТТ TAT ATT ССС GAC AAT GAG TCA AAA TGG GCC AGT GAA ICG ATA ATA IGT AAT GGG CAT GTT GIG CAA AAG CAA 
Lys Asp Val Glu Thr 11е Tyr 11e Pro Asp Asn Glu Ser Lys Trp Ala Ser Glu Ser 11е 11е Cys Asn Gty His Val Vol Gin Lyo біп 


2788 2719 2720 2730 2740 2758 2768 2770 2780 


AAT ТТТ TAT GAT ТТТ АСА AAC ТТТ TAT TAC АСТ ТІС ACG TAT GGA CAC ТТА CAC TCA АТА CCA GAA TIT TTA GGG TCA ТСТ AYG АТТ ТАТ 
Asn Phe Tyr Asp Phe Arg Asn Phe Tyr Tyr Ser Phe Thr Tyr Gly His Leu His Ser Ile Pro Giu Phe Leu Gly Ser Ser Het 110 Tyr 


2799 2500 2619 2020 2658 2840 2830 2860 2870 
ТАТ САА ТАС САТ ТТА АСА ААА ССА АСС ААА TCA CAT GIG ТТТ TTG САТ ССА АТС САТ АСС ААА AGG СТА GAG АСС АСТ СТТ САС АСТ ТСТ 
Туг Enn Tyr Asp Leu Arg Lys Gly Thr Lys Ser His Val Phe Leu Asp Arg 11е Asp Thr Lys Arg Leu Giu Arg Ser Leu Asp Thr Sor 
2880 2890 2989 2918 2920 2930 2949 2956 2960 


ТСС ТАТ GGC AAT САТ AAT ATG GCA ССА ACC AAT AAA AAT АТТ. ССС АТС TTA ATT САТ GAC ACC АТА АТТ TTG ААА AAT AAT ТТА ATG TCA 
Ser Tyr Gly Asn Asp Asn Met Ala Ala Thr Asn Lys Asn 11е Aio 11е Leu 11е Asp Asp Thr 11е 11е Leu Lys Asn Aan Leu Mot Sor 


2970 2989 2990 3eoe 3010 зеге 3838 3040 3050 


АТС AGA ТТС АТС AAA САС АТТ САТ CGC ICG TIT АСТ GAG ААС СТТ АСА AAA GGA CAA АТА ССА ААС АТА ТАТ GAT ТСС TTT TTG ААС TCT 
Met Arg Phe 116 Lys Gin Ife Asp Arg Ser Phe Thr Glu Lys Val Arg Lys Gly Gin 11е Alo Lys 11е Tyr Asp Ser Phe Lou Asn Ser 


30690 3070 3080 3090 3108 3110 3120 3130 3140 


GTG AGG TTG AAT ITT TTG AAG AAT TAT TCA GTI GAA GTA TTG TGT GAA TTT TTA GTA GCG TTG AAC TIT TCA ATC CGT AAT ATT TCG TCT 
Val Arg Leu Asn Phe Leu Lys Asn Tyr Ser Vol Giu Vol Leu Cys Glu Phe Leu Vol Alo Ley Asn Phe Ser Ilo Arg Asn 116 Ser Sor 


3156 3168 3170 3100 3190 3288 3218 3220 3230 


ТТА ТАС СТА GAA GAA GAA АСТ GAT ТСС TCC CAA AGA ATG AAT TCT ССА GAG СТС ССА AGG АТС САС СТС ААТ AAT CAA ССС СТТ ТСТ cic 
Leu Tyr Vo! Glu Glu Glu Ser Asp Cys Ser Gin Arg Met Asn Ser Pro Glu Leu Pro'Arg lle His Leu Asn Asn Gin Ata Lou Ser Vol 


3248 3230 3260 3270 3280 3296 3368 3310 3320 


ТТС AAT TTA CAA ССС ТАТ ТАС TAT TGC TTC ATC СТА ATT ATC AAA ТТТ TTA ТТС GAT ТТТ GAA GCA ACT CCA AAT TTT AAG TTA СТС AGA 
Phe Asn Leu Gin Gly Tyr Tyr Tyr Cys Phe 116 Leu 116 116 Lys Phe Leu Leu Asp Phe Glu Ala Thr Pro Asn Phe Lyo Lou Leu Arg 


3338 3340 3359 3360 3376 3368 3398 3400 3410 


ATT TIT ATT САС TTG АСА АСС CTT ССС AAT ICT ATT TTA CTT ССС ACA CTT TCA АСА TTG ТАТ CCG CAA GAG TIT TCT GGA TTT CCT GAT 
(le Phe (le Glu Leu Arg Ser Leu Ala Asn Ser 11е Leu Leu Pro Thr Leu Ser Arg Leu Tyr Pro Gin Glu Pho Ser Gly Phe Pro Asp 


3428 3430 3448 345% 3468 3476 3486 3498 3509 


GTT СТА TTT ACG CAA CAA TTT ATA AAT AAA GAT AAT GGT ATG CTT СТС ССТ GGT TTA TCC GCA AAT GAA САС CAT AAT GGT GCA AGT GCA 
Vol Val Phe Thr Gin Gin Phe lle Asn Lys Asp Asn Gly Met Leu Vol Pro Gly Leu Ser Ala Asn Giu His His Asn Giy Ala Ser Ala 


3516 3526 35308 3548 3558 3560 3570 3580 3590 


ССТ СТІ ААС ACT ААС ТТА ССС AAA ААС ATC ААТ СТТ САА ССС CTT ССА АТС TTT АТТ AAT САА АТС СТА СТТ ААС ТСТ TTT ААС GAT ACC 
Aio Val Lys Thr Lys Leu Ala Lys Lys Ile Asn Va! Glu Gly Leu Ala Met Phe Ile Asm Січ 116 Leu Vol Asn Ser Phe Авл Asp Thr 


3680 3610 3620 3630 3640 3658 3668 3670 3650 


ТСТ ITT TTG AAT АТС GAG САТ ССТ АТТ ССА AAT GAA ТТТ ТСС TTT GAT ААТ GGG GAC AGG ССА СТС АСА САС TTG CCT CGT TCA ССА CAT 
Ser Phe Leu Asn Met Glu Asp Pro 11е Arg Asn Glu Phe Ser Phe Asp Asn Gly Asp Arg Alo Val Thr Asp Leu Pro Arg Sor Ala His 


3699 3700 3710 3720 3730 3740 3758 3768 3770 


ТТС CTA TCG САТ ACC ССС СТА GAA ССТ ATT ААС TTC АСС ССС ТТА AAT GAT ТСС CAT САА АСТ СТТ TCT АСТ TTG ААТ СТТ TTA CGT ТАС 
Phe Leu Ser Asp Thr Giy Leu Giu Gly 116 Asn Phe Ser Gly Leu Asn Asp Ser His Gin Thr Vol Ser Thr Leu Asn Leu Lou Arg Туг 


3788 3798 38ee 3810 3820 3830 3840 3850 3860 


ССС САА AAT CAT TCA TCA AAA САТ AAA AAT ССТ GGA AAG GGG CAA ССА TIT ССС САА ААС ТАС CAA ТТА TCT СТС ААА ТАТ СТТ АСТ ATT 
Gly Glu Aen His бег Ser Lys Mis Lys Asn Gly Gly Lys Gly Gin Gly Phe Ala Glu Lys Tyr Gin Leu Ser Leu Lys Tyr Voi Thr 110 


3870 3889 3890 3900 3918 3928 3930 3940 3950 


GCC ААС ТТА ТТТ TTC ACC ААТ СТТ AAA GAA ААС TAC ATT САТ ТОТ САС АТС TTA САТ AAG ATG ССА AGT GAT ТҮС САС АСТ ТТС GAA ААТ 
Alo Lys Leu Phe Phe Thr Asn Vo! Lys Glu Asn Tyr 11е His Cys His Wet Leu Asp Lys Met Ala Ser Asp Phe His Thr Lou Glu Asn 


3966 3978 3980 3990 4000 4018 4828 4030 4040 4050 4060 


САТ CTA AAG GGA AAC АСТ TGACGATTATGTCTCGTTGCTGATATGTGTCGTCCCAGTACTCAACTCTTTCTGATGACATTTTGAATATCTCATTTIATI TCTCATCAAACAGCC 
His Leu Lys Gly Asn Ser 


өте 4050 4098 4100 4118 4120 4130 4140 4150 4160 4170 4180 
ATGCATGCGACTGAACTGCACTACTGCGGGAGAACACCGATCTTATCTTTGAAATTGTTGCACAAAAATATTTCACTACCTTGGÓGTTICTCATÓTCACCCATTÓGGGTGAATCTCGT TA 
4190 «20е 4210 4220 4256 4248 4250 4268 4270 4280 4290 4300 
TTGCTCCTTAT TT TGGTCCATT ТТАТАТ TAAATCCTGTATCATGTICAACATITT TCATCTIATACCTCATACAAAAAAGAAAAGCTATT TATGAAAGTTAGTTCATTACAAGATGCAAG 
4310 4320 i 4330 4340 4350 4368 4378 «566 439e *400 4410 4420 
CCTAAAATATAT GCTYGATCTTAAAAT ТСАТСТАТАСААСАААААСАССТ ТАССААССТ TGTT cór TACCGT GTATAACTAATACCAATCT ТСААСАТТААССААТССТ ссссІ бтссса 
4430 4440 445e* 4460 4470 4460 4490 4500 4510 4520 4538 4540 
GGATGTTCTTAGACTTAATTAACAATCTCTAAATTTTTTTTTATT TAATCGTCCCTTTCTATCAATTATGAGTTTATATATTTTTATAATTTCATCTAACCTCAGAMATAGTGTTGTATA 
455e 4560 4578 4580 4590 4600 461 e 4620 4659 4649 4650 4660 
ТАТСАТТСТСССТААТАТСАТССТСААААССАСТСТССТССТТААТТАТТСТСТСААТТАСССАЇ ТСТТТАСАТЇСАСТСТСАААТАТСТААТТАААТТТСТТАААТТТСАСТСАТАТТТ 
4670 4680 4690 4700 4710 4720 4730 4740 4730 4768 4770 4786 
CACTTCTCAATCTTTCGAGAACCTTCATCTGAGATTTACCATTATTTTCGTTAGCATATATGAGAAACTI TAACTTTCGATTACATAATTCTGATCCTATTCTGGGTACTAAAGAATCTA 
4790 4880 4818 4820 «езе 4648 4659 4868 4870 4809 4899 4960 
AGGCAT T TAACAATGGCTCTCTATCATCTACATCAATATTGGGTAAATCAATTGAT TGCAT TCTACCTGCGCTCAAACAT ССААААССАААТТ TGACAAAACTGTCCAACTCAGATCTAC 
4910 4920 4930 4940 4959 4960 4978 «98e 4999 50е 5619 3020 
СССАААСААТААСААТСТАСТСАТ t TAACATTTTCTTCACTCCACATATCTCATCTCT TAAAT ТАСАТСССССТААСААТ TGTGTATAAAATGAAAAAATAT TGTTGcaT ТТААТСАТТС 
3039 5040 5950 5969 5978 Sese 5998 5166 51 18 5128 5138 5149 
стссетт TGAT GGAGAATCTAACGATAACCGAAAACTT TCACCCGAAGGTAATAGGTAT TCGTATATTAAATCTGGTACTATICTTT ТСТТТТСААТССАТССАСТТАТСААТТЇССАСТ 
5159 5160 5170 5186 5198 520% 5210 5220 5330 5249 5259 5260 
СТАСТСТАССССАССССААССССАААСТ ТТСТААСТАСТТТААСЁТТСТТАААТССССТ TITGY GAT TAGGCAAGCAAATCTCCAGTCTGCAAATACOGAATCAGGTICCACGCTAGCT T 
5270 5260 5299 5306 3310 3320 5539 5340 5350 5366 5379 538e 
CAAGGCCAATTCTCGAATATTAT CTGTATTACCT TTATTGACTAAAGATTTAGCTAGCGGATGAGTGAAGTTAAATAAAGTGGAAAATCCTGACTCAAT TACAGTGCCGCCT ТСССАТТС 
5390 5408 54 16 5420 3430 5440 3430 5468 5470 5480 9499 5599 
AATGGTCTGTCGAAGT ТССТСТСТАТ ТТТССААТАСССТТСТСААААСАААААТАСАТТ TATCAAATACATTCCCTGTICTGAT n САССАСААСААААААССАСССТТСССССЇ сстсс 
5519 3520 
ATGT TCAGCTAATGCGTCTCTAGA 
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Table 1 Codon usage in ADRI 





Phe TIT 49 Ser TCT* 41 Tyr TAT 34 Cys TGT* 14 
TTC* 26 TCC* 24 TAC* 16 TGC 8 
Leu TTA 47 TCA 38 och TAA 0 opa TGA 1 
TTG* 49 TCG 17 ambTAG 0 Trp TGG 4 
Leu CTT 18 Pro CCT 14 His CAT 28 Arg CGT 6 
CTC 2 CCC 10 CAC* 9 CGC 6 
CTA 16 CCA* 20 Gln CAA* 31 CGA 5 
CTG 14 CCG 4 CAG 6 CGG 1 
Ile ATT* 37 Thr ACT* 27 Asn AAT 83 Ser AGT 21 
ATC* 18 ACC* 17 AAC* 36 AGC 11 
ATA 20 ACA 14 Lys AAA 51 Arg AGA* 27 
Met ATG 29 ACG 14 AAG* 34 АСС 16 
Val GTT* 23 Ala GCT* 18 Asp GAT 63 Gly GGT* 13 
GTC* 7 GCC* 11 GAC 23 GGC 10 
GTA 9 GCA 22 Glu GAA* 53 GGA 10 
GTG 9 GCG 9 GAG 22 GGG 12 





och, ochre codon; amb, amber codon; opa, opal codon. 
* Codons preferred by highly expressed genes in yeast”. 


region that is rich in lysine + arginine (up to 40% per protein); 
this region of TFIIIA is thought to interact with other transcrip- 
tion factors or with RNA polymerase III as loss of this region 
reduced activation of transcription but did not affect DNA 
binding". A mutant allele of ADR1, ADR1-5°, which confers 
partial constitutivity on ADH2 expression, is located in this 
basic region (C. Denis, personal communication) but the reason 
for its effect is unknown. 

An elegant model of TFIIIA structure has been proposed 
which attempts to account for the passage of RNA polymerase 
III through an internal promoter containing a stable transcrip- 
tion complex’. Each 30-amino-acid domain is proposed to form 
a loop or finger of ~12 amino acids. The base of the loop is 
formed by a Zn?* bound by the cysteine and histidine residues 
which flank the 12 amino acids. The amino acids in the finger 
are suggested to bind DNA, with each finger interacting with 
one half-turn of the helix so that all nine fingers would be in 
contact with the internal control region of 5S DNA. The con- 
served hydrophobic residues (Tyr 6, Phe 17, Leu 23) might form 
a structural core of the multi-domain protein. The multiple 
independent binding domains of TFIIIA are postulated to allow 
passage of RNA polymerase III through the internal control 
region without dislodging the stable transcription complex. 

The importance of the finger-like domains of ADR1 (Fig. 2) 
for activating ADH2 expression is suggested by experimental 
data in addition to its homology with TFIIIA. Previous experi- 
ments indicated that a 2.6-kilobase (kb) ADRI fragment allowed 
partial derepression of ADH2 in a strain containing the adr1-1 
allele?. The sequence data presented in Fig. 1 demonstrate that 
this fragment of ADRI would encode only the amino-terminal 
302 amino acids of the protein. To determine which region 
of the ADRI protein is required for ADH2 derepression, a 
series of 3'-deleted ADR! genes was constructed in the 
yeast/ Escherichia coli shuttle vector рМУУ5 (Table 2). The ADR1 
plasmids were introduced into strain 521-6-A1 in which the 
5'-flanking region and 2 kb of coding sequence of ADR1 have 
been replaced by the LEU2 gene of yeast (data not shown). In 
this strain ADRI structure/function relationships can be 
assessed in an adrl-null genetic background which eliminates 
the possibility of intragenic complementation between two 
defective ADRI genes. 

As shown in Table 2, an amino-terminal 150-amino-acid 
ADRI peptide is unable to derepress ADH2. A 302-amino-acid 
ADRI peptide can derepress ADH2 but is only 20% as active 
as the entire protein. ADR] proteins containing the amino- 
terminal 505 amino acids are as active as the entire protein. 
These results suggest that a domain required for ADRI function 
exists between amino acids 150 and 302 and that sequences 
located between amino acids 302 and 505 may be required for 
full ADR1 activity. Therefore, most of the ADRI protein (amino 
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Fig.2 Theamino-acid sequences of the TFIIIA 30-residue repeat 
compared with amino-acid sequences of yeast regulatory proteins 
and the proposed ‘finger’ structure of ADRI. The TFIIIA con- 
sensus sequence was compiled by Miller et аі? from the nine 
contiguous repeat units in the TFIIIA protein. The invariant 
residues are circled. The numbers above ће TFIIIA sequence refer 
to the amino-acid position in the consensus sequence, not in the 
ТЕША polypeptide chain. The numbers adjacent to the other 
sequences refer to the position of the amino acid in the polypeptide 
chain. In the consensus sequence, dots mark variable positions in 
the sequence, and asterisks indicate where insertions sometimes 
occur in the normal pattern. In the other sequences, a dash (-) 
indicates a gap introduced for alignment. Each repeat is postulated 
to form a finger-like structure wherein the two cysteine (C) and 
two histidine (H) residues bind а Zn?* in a tetrahedral arrange- 
ment’. The hydrophobic residues tyrosine (T), phenylalanine (F) 
and leucine (L), are proposed to form a structural core for the 
multiple domains?. The region between the second cysteine and 
the first histidine residue may form a DNA-binding loop. TFIIIA 
repeat number 7 (ref. 9) has the same gap alignment between its 
cysteine residues as the ADRI repeats. Bottom, the proposed finger 
structures of ADR1, drawn according to the model proposed by 
Miller et al?. Residues with probable DNA-binding side chains 
[lysine (K), histidine, glutamine (Q), asparagine (N), threonine 
(T) and arginine (R)] are indicated by solid circles. 


acids 505-1,323) is not required for its role in ADH2 transcrip- 
tional activation. 

The shortest ADR1 protein that retained ADH2-stimulating 
activity (containing 302 amino acids) contained the finger region 
as well as the adjacent Lys Arg-rich region. The next smaller 
ADRI protein (containing 150 amino acids) was inactive; it 
lacked the very basic region and retained only the first finger 
and one-half of the second. Thus a single finger alone may not 
be sufficient to derepress ADH2 expression, but whether this is 
due to loss of the second finger, loss of the very basic region, 
or both, cannot be distinguished at present. Additional genetic 
evidence that this finger region of ADRI is functionally import- 
ant derives from DNA sequence analysis of mutants of ADRI 
(C. Denis, personal communication). Two mutants which 
derepress ADH2 very poorly contain single amino-acid changes 
in the finger region of ADRI. Neither mutation, alters an 
invariant residue of the TFIIIA consensus sequence. These 
alterations provide strong evidence, consistent with the deletion 
analysis reported here, that the finger region is essential for 
ADRI function. By analogy with the proposed structure of 
TFIIIA, this region would be required for DNA binding. The 
analysis suggests that one DNA-binding finger is insufficient for 
ADRI activity. 

It seemed unlikely that ADR1 would be the only yeast protein 
with structural homologies to TFIIIA. The nucleotide sequences 
of several yeast regulatory proteins have been reported 
гесеп йу! including the proteins encoded by GAL4 and PPR1 
which contain a basic, cysteine-rich amino terminus (Fig. 2). In 
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Table 2 Functional characterization of ADRI genes containing 
variable-length 3'-terminal deletions 





Relevant yeast 


genotype Plasmid ADH activity (dr) 
adr1-Al pMWS 25 
adr1-Al YEp150ADR1 20 
adr1-Al YEp302ADRI 1,400 
adr1-A1 YEp505ADRI 6,500 
adr1-A1 YEpi323ADR1 6,500 
ADRI pMW5 2,000 





Plasmid constructions: АП constructions used the yeast E. coli shuttle 
vector pMW5, which is the same as plasmid МА56 but lacks the ADHI 
promoter fragment’. This plasmid contains the 2j. origin of replication 
and ТЕРІ gene for selection in yeast, as well as the pBR322 sequences 
necessary for growth and ampicillin-resistance selection in F. coli. Plas- 
mid DNA was prepared by the method of Birnboim and Doly?? and Е. 
coli strain RR1 was used for transformation. The restriction enzyme 
digests of pMW5 and ADRI plasmids used to construct the series of 
3'-deleted ADRI genes are described below. To construct YEp150ADR1 
and YEp505ADRI, p411-B (which contains a 5-kb BamHI fragment 
from clone YRp7-ADR1-411)? was digested with BamHI plus SphI 
(YEp150ADR1), or BamHI plus Nrul (YEpSOSADRT1). To construct 
YEp302ADR1, p311 (ref. 5) was digested with BamHI and Рои. 
YEp1323ADR] was constructed by excising a 9-kb EcoRV fragment 
from p411 (ref. 5). The appropriate-sized fragment was isolated in each 
case and ligated with pMW5 cut with the following restriction enzymes. 
YEp302ADRI and YEp505ADRI: BamHI plus Рош; YEp1SOADRI1: 
BamHI plus SphI; YEp1323ADR1: РгиП. Yeast transformation: Yeast 
transformations were done using the lithium acetate procedure? on 
521-6 (mata adh1-11 ADH2 adh3 ADRI trp! ural leu2) and 521-6-A1 
(mata adhi-11 ADH2 adh3 adri-A1:: LEU2 trpi ural leu2). ADH assays 
were performed as described previously). Derepressed cultures (dr) 
were grown in yeast complete medium containing either 3% ethanol or 
1% ethanol plus 3% glycerol. Assays were done in triplicate for at least 
two independent transformants. The values are the means for six assays. 
Derepressed values in strain 521-6-А1 carrying YEp1323ADRI were 
corrected for the number of cells that had lost plasmid since plasmid 
loss occurred at a higher frequency in these strains than in the other 
transformants. 


this region, two pairs of cysteines are separated by 13 amino 
acids, similar to ADR1 and TFIIIA repeat sequences. Thus, а 
finger of similar size could be formed with four cysteines acting 
as ligands for Zn?" rather than two cysteine and two histidine 
residues. 

The evidence that a common structure could exist in transcrip- 
tion factors from such divergent species as yeast and frog, which 
are active with different RNA polymerases, suggested that 
similar structures might exist in other proteins with DNA- 
binding activity. Several complementary DNA clones and genes 
from D. melanogaster have recently been found to have this 
same repeated sequence motif (refs 11, 12 and J. Lengyel, 
personal communication). One of these genes is derived from 
Krüppel'!?$, a locus affecting early Drosophila development; 
several of the others are either derived from or are adjacent to 
blastoderm-specific genes. All these Drosophila genes might thus 
have roles that are important in development, for example as 
tissue- or gene-specific transcription factors. 

The best-characterized protein structure which is involved in 
DNA binding is the helix-turn-helix motif found in a variety 
of prokaryotic regulatory proteins", in the yeast MATo2 
repressor/??? and in the homoeo box region of several eukaryotic 
proteins??, The data presented here suggest that there may be a 
second structura] motif of DNA-binding proteins in eukaryotes 
typified by the 30-amino-acid repeat found in TFIIIA and 
ADRI. The structural homology between ADR1 and ТЕІПА 
suggests that the factors regulating transcription by the different 
RNA polymerases have been under strong selective pressure to 
maintain basic structures and functions required for interaction 
with RNA polymerase and DNA. ' 
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The 5.8S ribosomal RNA is believed to be a universal eukaryotic 
characteristic’. It has no (size) counterpart among the prokaryotes, 
although its sequence is homologous with the first 150 or so 
nucleotides of the prokaryotic large subunit (23S) ribosomal RNA. 
We report here an exception to this rule. The microsporidian 
Vairimorpha necatrix is a eukaryote that has no 5.8S rRNA. As 
in the prokaryotes, it has a single large subunit rRNA, whose 5’ 
region corresponds to the 5.85 rRNA. 

Microsporidia, of which V. necatrix is representative, are 
parasitic eukaryotes with various interesting life cycles’. Micro- 
sporidian species infect virtually all types of animals, from 
invertebrates to man’. Their ribosomes and rRNAs have been 
reported to be prokaryotic in size; the ribosome is a 705 (not 
80S) particle that comprises 30S and 50S (not 40S and 60S) 
subunits, which in turn contain 16S and 235 rRNAs**. While 
isolating V. necatrix RNAs, we observed not only these unusual 
prokaryotic electrophoretic mobilities, but an unexpected 
absence of a 5.88 RNA. This fact can be explained in several 
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ров(001-100) 
Е. со11 

V. necatrix 
S. cerevisiae 


pos(101-180) 
E. coli 

V. necatrix 

S. cerevisiae 


pos(181-250) 
E. coli 

V. necatrix 
S. cerevisiae 


GGUUAAGCGA CUAAGCGUAC 
ната, -nnnaCCCAC 
RIT —- —AAACUUUCA 


AUAACCGGCG AUUUCCGAAU 
-AUUAAUAUA UUUaUaA---— 
GAAUCAUCGA AUCUUUGAAC 


AACCGGGGGA ACUGAAACAU 
uACCCUUUGA ACUUAAGCaU 
UACCCGCUGA ACUUAAGCAU 


ACGGUGGAUG 
aCaUGGGAUC 
ACAACGGAUC 


GGGGAAACCC 
—UGUAUUGA 
GCACAU-UGC 


CUAAGUACCC 
AUCuUUnAAA 
AUCAAUAAGC 
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CCCUGGCAGU CAGAGGCGAU GAAGGACGUG CUAAUCUGCG AUAAGCGUCG GUAAGGUGAU AUGAACCGUU 
aAUaGGAUAC CA-UaACgAU GAAGGUCGUa AUaGAAUACG A-AAGUAUAU -------- -- UAUUUaCCUg 
UCUUGGUUCU CGC-AUCGAU GAAGAACGCA GCGAAAUGCG AUACGUAAUG UGAAUUGCAG --AAUUCCGU 


GCCCCUUGGUAUU CCAGGGGGCAU GCCUGUUUGA GCGUCAUUUxxUUGACCUCAAAU CAGGUAGGAG 


CGAGGAAAAG AAAUCAACCG AGAUUCCCCC AGUAGCGGCG 
GGAGGAAAAG AAACUuACUu GGAUUUCUUU aGUAGCAGCG 
GGAGGAAAAG AAACCAACCG GGAUUGCCUU AGUAACGGCG 


Fig. 1 Sequence alignment for the initial portion of the 23S-like ribosomal RNAs from Escherichia coli?, Saccharomyces cerevisiae! and 
Vairimorpha necatrix. The alignment procedure was that used in ref. 8. Numbering is according to the E. coli 238 rRNA sequence. Positions 
where composition is uncertain are shown in lower case, using 'n' if the composition is undetermined. Dashes (inserted for alignment purposes) 
signify gaps in a given sequence. The join between the yeast 5.85 and 25S rRNAs is indicated by ‘xx’. 
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ways. To decide among them, we sequenced the appropriate 
portion of the 23S rRNA of the organism. 

Several regions in the 5' half of the V. necatrix 238 rRNA 
were sequenced using reverse transcriptase, employing primers 
complementary to the more highly conserved areas in the rRNA 
sequence”. Figure 1 shows the sequence of the 5’ 200 or so 
nucleotides aligned with its counterparts from Escherichia coli 
and Saccharomyces cerevisiae*!, Secondary structural rep- 
resentations of the three are shown in Fig. 2. Primary and 
secondary structural homology is apparent among all three 
sequences both before and after the join between the eukaryotic 


iacu, (yeast) 5.8S RNA and the 25S rRNA. The helix formed between 


te the 3' 10 or so nucleotides of the yeast 5.88 RNA and the 5' 10 
or so nucleotides of its 25S rRNA is completely missing in V. 
necatrix (Fig. 2). The V. necatrix 238 rRNA has its 5’ end at 
about the same position (relative to E. coli) as does the yeast 
5.85 RNA, and the former continues in an unbroken fashion 
thereafter. 

It is unwise to draw any but the most general phylogenetic 
conclusions from the V. necatrix sequence, because this par- 
ticular area of the 23S rRNA varies in structure, and the lack 
of structural homology greatly reduces the phylogenetic value 
of much of the sequence. This segment of the V. necatrix rRNA 
is closer to its yeast counterpart than to the Е. coli sequence, 
while the E. coli sequence is in turn closer to the yeast sequence 


EACUS Ag than to that of V. necatrix. A more extensive study, based on 


5 16S rRNA, is now in progress (C.R.V., unpublished), and shows 
ке that V. necatrix clusters specifically with the other eukaryotes, 
but forms a remarkably deep branching in the common line of 
eukaryotic descent. 

Our results do not indicate whether the single continuous 235 
rRNA condition seen in the microsporidian is an evolutionary 
forerunner to the split ‘23S’ seen among the other eukaryotes, 


voses or represents fusion of ancestral 5.8S and 258 rRNAs. We favour 


. the former interpretation, because the covalently linked condi- 
. tion is characteristic of both prokaryotic kingdoms, and V. 


се necatrix does branch deeply in the common line of eukaryotic 


descent. 
This work was supported by a grant from NASA, NSG-7044, 
to C.R.W. We thank B. P. Kaine and W. G. Weisburg for helpful 
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Agglutination methods for rapid analysis 


from Mel Thomas 





Tests making use of carrier-bound antibodies can identify bacteria in less than five minutes, with results 


visible to the naked eye. 





Usinc one of the first microscopes, 
Antony Van Leeuwenhoek observed and 
described ‘animalcules’ in 1676. His draw- 
ings record the chief forms of bacteria — 
cocci, rods, filaments and spirochaetes. 
Hence Van Leeuwenhoek has been dub- 
bed the ‘father of bacteriology’. 

More than two hundred years later, 
Robert Koch developed solid nutrient 
media and staining methods that made 
growth and observation of these bacteria 
much easier'. These fundamental dis- 
coveries spawned a system for bacterial 
isolation and identification which is still in 
use today. It involves growing bacteria in 
primary culture, subculturing onto varied 
specialized media and observing patterns 
of substrate utilization. These biochem- 
ical identification tests are reliable and 
specific, but take at least two days and 
sometimes several weeks to provide re- 
sults. The need for more rapid and less 
laborious identification methods led to the 
development of coagglutination and latex 
agglutination testing. 

In 1973, Góran Kronvall at the Universi- 
ty of Lund, Sweden, reported a unique 
method for typing Streptococcus pneumo- 
niae which was not only rapid, but also 
very easy to perform’. Kronvall called his 
method 'coagglutination'. Later that same 
year Christensen et al. described the use of 
coagglutination for the serological group- 
ing of streptococci’. This research demon- 
strated that pathogens from overnight cul- 
tures could be identified in minutes in- 
stead of days. 


The lattice link 


Coagglutination is an immunodiagnostic 
technology that utilizes antibodies in a 
reagent to detect specific bacterial anti- 
gens. The reagent consists of a suspension 
of non-viable staphylococci onto which 
specific antibodies are adsorbed. Recently 
the same principle has also been applied to 
polystyrene particles as carriers for latex 
agglutination. When a sample containing 
the homologous antigen is mixed with the 
reagent, an antigen-antibody linkage 
occurs which forms a lattice visible to the 
naked eye. 

Pharmacia Diagnostics AB obtained 
commercial rights to the technique and 
began marketing its own improved 
pathogen identification tests in 1975. Now 
test kits can diagnose streptococci groups 
А,В, C, D, Fand G, gonococci, meningo- 
cocci, pneumococci and encapsulated 
types of Haemophilus. 














Fig.1 If a sample tests positive, a fine precipitate visible to the naked eye forms from the lattice 


linkage of antibodies and antigens. 

The original method for the preparation 
of coagglutination reagents has been 
published". Staphylococcus aureus (strain 
Cowan I) is grown overnight in tryptic soy 
broth kept at 35°C and aerated. The 
harvested bacteria are washed twice with 
phosphate-buffered saline (PBS: 0.15 M 
NaCl, 0.01 M phosphate, pH 7.4), and 
suspended in 0.5 per cent formaldehyde in 
PBS at room temperature for 3 hours. The 
formaldehyde-treated suspension is then 
washed four times in PBS, and adjusted to 
a final concentration of 10 per cent (v/v). 

Protein A, which binds IgG class anti- 
bodies to staphylococcus cells by their Fc 
fragments only, will be stable for several 
weeks using the above protocol. Heat 
treatment at 80°C for 2 hours kills the bac- 
teria and extends stability to months if the 
reagent is stored at 4°C. Finally, the 
formaldehyde- and heat-treated staphylo- 
cocci are mixed with a specific antiserum. 
After washing and resuspension in PBS 
containing 0.1 per cent sodium azide, the 
reagent is ready for testing. 

To perform the test, a drop of reagent is 
added to a white slide on which either a 
smear from a primary culture, or a direct 
sample, has been placed. The slide is rock- 
ed gently back and forth as the reaction 
proceeds. If the result is positive, a fine 
precipitate will form within 2 minutes (see 
Fig.1). 


A latex alternative 


Latex agglutination is similar to coagglu- 
tination in that it employs a carrier, latex, 
to which specific antibodies are adsorbed. 
The preparation of latex reagents is also 
well-documented‘. One part of 0.81 um 
polystyrene latex particles is combined 








with one part antiserum which bas been 
diluted to an empirically defined optimal 
reactivity concentration. The suspension 
is incubated at 37°С for 2 hours. Then, two 
volumes of glycine-buffered saline (1.0 M 
glycine and 1 per cent NaCl, pH 8.2) con- 
taining 0.1 per cent bovine serum albumin 
is added. The sensitized latex reagent is 
stored at 4°C. 

Antibody adsorption on staphylococci 
and latex particles is quite different. Pro- 
tein A, present on treated staphylococci 
but not on latex, orients the antibodies so 
that the Fab structures are open for reac- 
tion; latex, however, adsorbs antibodies 
randomly, as shown in Fig. 2. Hence a 
portion of the antibodies adsorbed on 
latex are rendered useless for immuno- 
diagnostic purposes. This does not mean 
that latex agglutination is a less sensitive 
technique than coagglutination. It does 
mean, however, that different antibody 
concentrations may be needed, as well as 
some form of sample preparation, for 
instance an extraction process. 


Collective benefits 


The advantages of coagglutination and 
latex agglutination are many. Because 
testing a primary culture takes less than 5 
minutes, specific antibacterial therapy can 
be initiated at the earliest possible 
moment, perhaps preventing morbidity 
and mortality due to infection. Agglutina- 
tion methods do not require living organ- 
isms for testing, and so avoid the problems 
of bacterial identification associated with 
live cultures. 

Direct testing is also possible on certain 
specimens using coagglutination or latex 
agglutination. Cerebrospinal fluid, serum 


290 


NATURE VOL. 320 20 MARCH 1986 











and urine can be used directly in tests for 
Streptococcus pneumoniae, Haemophilus 
influenzae, Neisseria meningitidis and 
Streptococcus group B. Recently, agglu- 
tination tests for the identification of S. 
pyogenes (Streptococcus group A) directly 
from throat swabs have been introduced. 
In this case, rapid bacterial identification 
has a real benefit in that it protects pa- 
tients who do not have group A strepto- 
coccal pharyngitis from the needless use of 
antibiotics. 

The simplicity of coagglutination and 
latex agglutination testing cannot be over- 
emphasized. Testing is done by hand, 





Fig.2 Antibodies adsorb randomly to latex, but 
the protein A coating staphylococci anchors 
antibodies by their Fe fragments. 


without the need for expensive and com- 
plicated equipment. No special training is 
required, and the final cost of bacterial 
identification can be much less than that of 
prolonged biochemical procedures. 

What of the future? Agglutination tech- 
nology is taking advantage of highly speci- 
fic monoclonal antibodies, and tests are 
being developed for viruses as well as 
additional bacteria. The areas of develop- 
ment are limited only by the levels of sen- 
sitivity that can be achieved. That which 
was started by Van Leeuwenhoek and 
Koch has gained new impetus from Kron- 
vall and his successors. a 





Mel Thomas is at Pharmacia Diagnostics, Piscat- 
away, New Jersey 08854, USA. 
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PRODUCT REVIEW 


Taking a closer look 
at microbiology 





Bacteria, fungi and yeast have captured a degree of attention that 
belies their dimensions. This week’s review examines microbial 
techniques from the fermenter to the autoclave. 





А NON-RADIOACTIVE DNA probe to rival 
avidin-biotin methods has emerged from 
the laboratories of Biotech Research 
(Reader Service No. 100). Beginning in 
May, Biotech will offer testing kits for 
viral and bacterial infection based on 
hapten-antibody binding. Because the sys- 
tem is chemical rather than enzymatic, 
Biotech expects to be able to sell the kits 
for one-half to one-third the cost of most 
non-radioactive probes. The company is 
developing both ‘do-it-yourself’ kits for 
customizing probes, and kits for specific 
viral and bacterial genes. 





Back on the avidin-biotin front, Enzo 
Biochem Inc. have refined their DNA 
probe system in Pathogene П kits that 
even an amateur can use (Reader Service 
No. 101). The non-radioactive assay kits 
are available for infectious agents includ- 
ing Chlamydia trachamotis, herpes sim- 
plex virus, Epstein-Barr virus, cytomeg- 
alovirus (CMV) and adenovirus 5. Step- 
by-step instructions and all the reagents 
and buffers for 20 assays come in one 
package, priced at $135 (US), except for 
the $155 CMV kit. 


The two-dimensional AMBIS beta 
scanning system was originally created to 














(quantitate the gel patterns Robert Silman 

used to ‘fingerprint’ bacteria. When Auto- 
mated Microbiology Systems Inc. set out 
to market the identification system, they 
recognized a need for a fast, convenient 
scanner that would display the scan in 
autoradiograph form. Now their AMBIS 
system can do that, and much more. The 
scanner will quantitate beta-emitting iso- 
topes from thin-layer chromatography 
plates, transfer membranes and whole 
body sections as well as gels, in as little as 
15 to 30 minutes (Reader Service No. 
102). An IBM PC/AT with a 20-megabyte 
hard disk and Hercules graphics stores the 
results and makes data extraction and 
quantitation simple. The scanner sells for 
$24,000 (US), or $29,000 with the compu- 
ter included. 


A gene identification system for Gram- 
negative bacteria promises to make 
matching mutant phenotypes to mutated 
genes a little easier (Reader Service No. 
103). The system relies on a transposon in 
the plasmid vector that tags the region at 
which the vector DNA became incorpo- 
rated into the recipient genome, causing 
mutation. Allelix Inc. in Canada will 
license to or undertake collaborative work 
with interested firms or organizations. 
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The AMBIS system scans all lanes simultaneously to assemble a composite image. 
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In cases where finding a bacterial toxin 
is more important than detecting the bac- 
teria itself, toxin identification kits may be 





Toxin detection via latex agglutination. 


the best bet. Oxoid Ltd. recently launched 
four such kits that employ the reversed 
passive latex agglutination (RPLA) tech- 
nique for detection (Reader Service No. 
104). Their sensitivity is as low as 1 or2 ng 
of toxin per ml because the Oxoid’s anti- 
bodies are highly purified. Kits are avail- 
able for staphylococcal enterotoxins A, B, 
C and D, Vibrio cholerae enterotoxin/E. 
coli heat labile enterotoxin, Clostridium 
perfringens enterotoxin and staphylococ- 
cal toxic shock syndrome toxin. Each kit 
provides for 20 tests; costs vary. 


Culture media formulated for the selec- 
tive isolation of microbial species is one 
way to be sure what’s growing where. 
Selectatab media for Campylobacter and 
Yersinia isolation are the latest additions 
to Mast Laboratories Ltd’s media list 
(Reader Service No. 105). The products 
come in packs of 25 tablets for less than 
£15 each, and each tablet is suited for 250 
mi of the appropriate medium. All tablets 
have a shelf life of two years. 


Culture counts 


If supplies of filamentous fungi and yeasts 
are running low, check the updated 
ATCC Catalogue of FungilYeasts for 
more than 1,450 brand new strains (Read- 


КАЛА ANO 
* ATCC UPDATE 
FUNGI/YEASTS 
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Alphabetical listings provide easy access in the 
ATCC's latest catalogue. 





PRODUCT REVIEW 


er Service No. 106). The American Type 
Culture Collection has added strains that 
are useful in biological control, degrada- 
tion, production, resistance/sensitivity, 
testing and assays, including controls for 
antibiotic sensitivity tests. ATCC also 
provides information on special applica- 
tions, genotypes, pathogenicity, recom- 
mended media and growth conditions 
wherever possible. 


The EpiCount kit from Nucleopore per- 
forms counts of liquid-borne microorgan- 
isms in less than 30 minutes (Reader Ser- 
vice No. 107). The Epicount procedure 
involves trapping microbes on a black 
polycarbonate membrane with a 10 pm 
pore size (ordinary cellulose membranes 





Nucleopore’s epifiuorescent counter uses an 
acridine orange stain. 

have pore sizes between 150 and 200 um). 
The small pore size creates a surface cap- 
ture effect which, in combination with the 
dark background, improves the accuracy 
of epifluorescent counting. The essential 
elements for Nucleopore’s system, except 
the microscope, come in a $695 (US) kit. 


Fluorescence activated cell sorters 
(FACS) can pick out a microbe in a mil- 
lion, and the more parameters specified, 
the more particular the selection. Becton 
Dickinson have upgraded the options on 
their FACS 440 dual laser bench flow 
cytometers to include five-parameter sta- 
tus (Reader Service No. 108). A new 
£19,000 (UK) He-Ne laser is suitable for 
two- and three-colour immunofluoresc- 
ence for antibody marking, as well as 
forward and 90 degrees light scatter analy- 
sis to indicate size and granularity. The 5 
watt laser provides 32 mW of power at 633 
nm with a typical tube life of 20,000 hours. 


Chamber choices 


Even heating and minimum deviation 
make Gallenkamp's air jacket incubators 
reliable laboratory companions (Reader 
Service No. 109) Indirect heating with the 
air jacket design eliminates the need for 
mechanical convection, while a sophisti- 
cated electronic thermostat keeps temper- 
ature steady. Gallenkamp uses adjustable 
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With built-in protection systems temperatures in 
Gallenkamp incubators never stray more than 2° 
stainless steel shelves to allow flexible in- 
terior space. The incubators, available in 
93 and 153 litre capacities. run £825 and 
£1,006 (UK) respectively, and each has a 
j temperature range from 5 to 60°C. 


Manostat Corp. presents an economical 
way to get into controlled environments 
with their new glove box, priced under 
$1,500 (US) (Reader Service No. 110). 
Options available with the box include 
bare hand entry, air lock and a selection of 





Two or more Manostat glove boxes can be con- 
nected with a coupling sleeve. 

different gloves. Plexiglass construction 
makes customization easy for special 
attachments such as valves or hose ends. 


Shaken and stirred 


Switching flask or test tube sizes in biolo- 
gical shakers often means changing plat- 
forms as well. But New Brunswick Scien- 
tific have perforated their "universal plat- 





A New Brunswick shaker's drive mechanism is 
unfazed by unbalanced or heavy loads. 
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form with over 200 holes, to accommodate 
up to 12 different sizes of Erlenmeyer 
flasks at one time or hold slant and test 
tube tracks (Reader Service No. 111). 
Flasks can range from 25 ml to 6 litres; test 
tubes, from 13 to 25 mm. The 18 x 30 inch 
platform is priced at $400 (US). 


By floating an impeller on top rather than 
using a sunken spin bar, Techne Inc. say 
they've improved the rate of solution of 
oxygen by 50 to 80 per cent in their latest 
bioreactor (Reader Service No. 112). The 
Mx poor. RA 
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The BR-05 bioreactor is all glass with a stainless 
steel multi-port cap. 

2.5-litre BR-05 has a spherical shape that 
increases the ratio of surface area to 
volume over that of a comparable cylin- 
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drical vessel. That feature  disperses 
oxygen in the bioreactor without forming 
air bubbles. The $3,500 (US) unit comes 
with a platinum temperature sensor (to be 
submerged in the medium), stirrer and 
speed control. 


An integrated bioreactor system from 
Queue Systems can perform both fer- 
mentation and cell culture with individual 





Data from the integrated Queue Mouse fer- 
menter can be sent to a printer or another 
computer. 


control of up to 21 variables (Reader Ser- 
vice No. 113). Complete with pre- 
programmed software, the Queue Mouse 
works in batch, feed batch and continuous 
culture applications, as well as hollow 
fibre, mechanically agitated and airlift 
bioreactors. For about $20,000 (US), the 
Mouse system offers flexibility as its 
strong point. 


Computer-controlled gradient feed 
technology has enabled Battelle to pro- 
duce recombinant E. coli cells in concen- 
trations of over 80 grams (dry weight) per 
litre (Reader Service No. 114). The fer- 
mentation know-how is available from 
Battelle in a technical manual, a computer 
software package and follow-up technical 
services for under $15,000 (US). The com- 
pany expects that their system will also be 
applicable to genetically modified Bacillus 
subtilis, other bacteria and yeasts. 


Applikon’s series of small and middle- 
range fermenters runs the gamut of fer- 
mentation unit size and specificity (Read- 
er Service No. 115). They offer fermenters 
suited for cell or continuous cultures 
in round bottom, flat bottom or jacketed 
glass vessels and stainless steel bioreac- 
tors. Each has plenty of ports on the head- 
plate. Applikon’s stirrer assemblies were 
designed to avoid contamination, in dou- 
ble lipseal or magnetic-coupled stirrer ver- 
sions. Prices vary depending on the choice 
of unit and options. 


The end of the line 


When it’s time to wrap up an experiment, 
Riese Enterprises has a combination 








‘waste disposal/sterilization indicator bag 


designed for biohazárdous waste (Read- 
er Service No. 116). Bright red, melt- 
resistant BioSure bags integrate time, 
temperature and pressure to signify, by 
means of a migrating blue chemical, when 
contents have been safely autoclaved. The 
bags come in packs of 100 and cost $78 
(US) for the 19 x 24 inch size and $85 for 
the 24 x 36 inch bags. 


Bacteria and viruses are easy prey for 
Kontes' micro ultrasonic cell disrupter 
(Reader Service No. 117). The disrupter 
will produce rapid and reproducible re- 
sults with micro- to millilitre sample 
volumes. Monitor circuitry maintains the 
displacement amplitude of the probe tip 
under widely varying loads, and an LED 
indicator displays the load imposed by the 

' I 






A tiny probe from Kontes makes for small-scale 
cell disruption. 

sample. The combination of these two fea- 
ı tures ensures reproducible figures, with a 
.$1,230 (US) price tag. 


Nalgene's 1986 labware catalogue cov- 
ers over 400 of their plastic lab products in 
118 pages (Reader Service No. 118). The 
catalogue leaves no stone unturned, list- 


-ing full product specifications, prices, chem- 


ical resistance/physical properties data 
and care and use instructions for every 
item. In addition to routine illustrations, 
this year's booklet contains a 14-page col- 
our section featuring Nalgene's new dis- 
posable filter units. Test tube and vial 





Every product gets a picture in Nalgene's new 
catalogue. 4 


racks, centrifuge bottles and laboratory 
jars, carboys and Petri plates are offered 
for the microbiologist's inspection. o 





‘These notes are compiled by Karen Wright from 
information provided by the manufacturers. To 
obtain further details about these products use 
the reader service card bound inside the jour- 
nal. 
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Chirac's newly won winning ways 


In the aftermath of the French election the consequences for science of the demise 


of the ministry for research may be overestimated. 


THE new Prime Minister of France, M. Jacques Chirac, is inev- 
itably less demonstrative a supporter of the French research and 
development establishment than was his predecessor, M. 
Laurent Fabius, who had succeeded to that post from his earl- 
ier appointment as minister of research. So much was widely 
predicted in the weeks preceding the election, when M. Chirac's 
advisers were forever saying that the research bureacracy had 
become a natural target for their cost-cutting decentralizing zeal 
(Nature 319, 729; 1986). Even so, it will have come as a shock to 
many people that these widely flagged intentions could have 
implied anything so radical as the abolition of the ministry of 
research (see page 295). Henceforth, unless M. Chirac changes 
tack, research will be no better distinguished from the other 
routine matters with which governments are concerned than it 
is, for example, in Britain. Is this not a sign that the new govern- 
ment intends for science the policies of malign neglect on which 
previous governments in Paris have habitually relied? And will 
not the result be that the resurgence of the past five years will be 
more rapidly put into reverse? 

Fears such as these will be widely expressed in the next few 
weeks, but it is too soon to take them seriously. M. Chirac may 
intend to keep his elect:on promise to let the French ministry of 
research go into limbo. It remains to be seen whether he will 
have the courage (some would say gall) also to reorganize along 
the lines of his manifesto the agencies by which French research 
nas been supported over the past five or even fifty years, the 
research councils of which the Centre National de la Recherche 
Scientifique (CNRS) is the chief. Before the election, M. 
Chirac's advisers were promising that the agricultural and med- 
ical research councils would be transferred to the corresponding 
ministries and that CNRS, by far the largest, would be broken 
into smaller pieces. To some extent, the motivation of these 
policies is doctrinal, born of the conviction more common on the 
right than the left that governments may create the framework 
for industrial innovation but can have no substantial (or useful) 
part to play in the execution of industrial strategy. Yet there is 
no suggestion that the French agricultural and health research 
councils will be much transformed by what M. Chirac plans for 
them. The crucial issues are not administrative but financial. 


Tradition 

The future of CNRS is bound to be more difficult to decide. 
Traditionally, even before the Second World War, CNRS had 
several distinct but parallel functions. In recent decades, CNRS 
has become best known as the agency by which major efforts in 
basic science are undertaken, in fields as different as high- 
energy physics and geochemistry. Innovations of this kind have 
spawned the distinctive French efforts in space research and 
oceanography, now administratively independent. But CNRS is 
also the traditional partner, with the universities, in the conduct 
of academically based research, but in a manner that is interest- 
tingly distinct from that practised almost everywhere else. Most 
of its work in support of university research is channelled 
through the full-time CNRS employees who work alongside 
academics in university laboratories, exciting both the admira- 
tion of colleagues and their envy. On the face of things, it would 


not be a disaster if some of this activity were transformed into 
that more familiar elsewhere in Western Europe and North 
America, the provision of research funds to university research- 
ers by means of the familiar competition for research grants. 
Siting the administration of CNRS within the ministry of educa- 
tion in Paris will make it easier for M. Chirac and his colleagues 
to contemplate a change along these lines. Provided that the 
contemplation is serious, not a token prelude to predetermined 
and prejudiced reorganization, there may even be benefits to be 
won from change in this direction. Robbing CNRS of its role as 
the chief sponsor of major projects in basic research would be a 
more dangerous step to contemplate at this early stage. 


Change 

The other obvious consequences of the post-election reorgan- 
ization ofthe French government are inevitably harder to assess. 
if only because of the novelty (and ambiguity) of the arrange- 
ment that has harnessed a socialist president to a right-wing 
executive in the constitution of the government. President 
Mitterrand will be anxious to ensure that the executive and the 
French Assembly do not chip away at his constitutional author- 
ity over French foreign policy, which will make the whole area of 
French collaboration with other countries a potential no-man's 
land in the months ahead. The chances are that the President 
will be able to sustain those French policies stemming from his 
personal enthusiasm for European collaboration in high tech- 
nology. It would not be surprising if the Prime Minister. as a 
quid pro quo, were to succeed in aligning France with Britain in 
scepticism about the need for continued investment in collab- 
orative high-energy physics through the agency of CERN, the 
high-energy physics laboratory at Geneva. Provided that both 
partners in this uneasy government alliance acknowledge that 
the immense benefits that have accrued to France in the past five 
years are a prize that cannot be lightly thrown away. even 
developments such as these need not spell doom. 

Newly elected governments tend to brim over with enthus- 
iasm better suited to routine matters of public administration 
than to the proper care for sensitive parts of public life. among 
which research may be the most delicate. It is one thing to 
nationalize (or denationalize) a string of banks or other busin- 
esses, replacing one bunch of shareholders by another. and 
quite another to pretend to know what decisions should be 
made, and how, in a field in which even the practitioners are at a 
loss to tell just what needs doing. So what M. Chirac must keep 
clearly in mind, during the first few heady weeks when enthus- 
iasm may get the better of his colleagues' judgement, is that 
France has done extremely well in basic research during the past 
decade for reasons which are not sufficiently explained bv the 
way in which money has been thrown at some researchers during 
the past five years. During the same period, for reasons which 
are probably quite separate, the French telecommunications 
network has ceased to be a joke and become something of a 
marvel instead. Nobody's interest would be served if the new 
government, by pretending that it knows not merely the ques- 
tions but the answers, were to make a mess of this beneficent 
development. D 
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SDI 


— NEWS 


Japan eager to join in 
the star wars fray 


Tokyo 
JAPAN is sailing steadily towards taking 
part in the US Strategic Defense Initiative 
(SDD, and the opposition that was ex- 
pected to wreck participation has alto- 
gether failed to materialize. At the end of 
this week, 46 representatives and engin- 
eers from 21 of Japan's high-technology 
companies, accompanied by nine govern- 
ment officials, will set off to the United 
States for a 10-day tour of institutes and 
companies where SDI research is taking 
place. This is the first time that industry 
has been involved in SDI missions to the 
United States, and completes the ground- 
Work for industrial participation. 
, Executives of high-technology com- 
panies are already happy to admit that 
they have been contacted by government 
officials enceuraging them to look for SDI 
contracts. What is worrying industry now 
is not whether they will be allowed to par- 
ticipate but, as the head of one small elec- 
tronics company put it, "the extent to 
which the government is intending to try 
to control affairs from behind the scenes". 
Keeping direct government involve- 
ment, and research in government labora- 
tories, out of sight looks like the last con- 
cession that will be made to those who 
oppose SDI. So far, the opposition has in 
any case been remarkable for its silence. 
Neither the principal opposition parties 
nor the media have attempted to make a 
major political issue out of SDI, despite 
the extremely emotive nature of defence 
issues in Japan. - 
' One reason is that the opposition has 
much bigger problems to think about. In 
the next few months, Prime Minister 
Yasuhiro Nakasone will begin the break- 
up of the state-owned Japan National 
Railways (JNR) into six regional private 
companies, plus companies to run the 
*bullet" train and freight services. The 
aim is to get JNR's almost unbelievable 
debt — in excess of the foreign debt of 
Mexico — off the public shoulders and to 
shed almost 40 per cent of its third of a 
million staff. The principal opposition 
party, the Japan Socialist Party, and the 
unions have enough to do opposing pri- 
vatization without worrying about SDI. 
Opposition to SDI participation may 
also arise through factional struggles with- 
in the ranks of Nakasone's own Liberal 
Democratic Party (LDP). The Prime 
Minister seems clearly to be aiming at call- 
ing elections for both upper and lower 
houses of the Diet in June. At that time, 
he should be at the peak of his popularity. 
He will have visited the United States in 
April and hosted the summit of industrial 





nations in Tokyo in June; both of which 
are certain to heighten his image as 
Japan's first truly international statesman. 
If a resounding victory in the elections 
follows, he will be in a position to call for a 
change in the LDP rules that will allow 
him to stay on for a third two-year term as 
LDP leader, and thus Prime Minister. 
Naturally enough, other contenders for 
the LDP leadership who now begin to see 
that the end of Nakasone's fixed term of 
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office may be a mirage are less than 
happy. Among them, Foreign Minister 
Shintaro Abe is known to be cool towards 
SDI participation: so internal feuds within 
LDP could still lead to a change of course. 

The only other serious barrier to partici- 
pation is a 199 all-party Diet resolution 
banning the military use of space. The 
resolution has been taken seriously and 
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has been invoked, for example, to try to 
stop the self-defence forces using 
Japanese-launched commercial satellites 
for military communications. But lawyers 
already believe that loopholes can be 
found. 

Next week’s mission to the United 
States is plainly aimed at looking for com- 
mercial possibilities. It will include engin- 
eers from virtually all of Japan’s big elec- 
tronics companies — Fujitsu, Hitachi, 
NEC, Sony, Oki and Sumitomo — as well 
as from large self-defence force contrac- 
tors such as Mitsubishi Heavy Industries. 
The industrial representatives will split 
into three groups according to their fields 
of commercial expertise. They will visit 
the Lincoln Laboratory of MIT, the Los 
Alamos National Laboratory and the US 
Army Strategic Defense Command as 
well as several industrial companies. 

Worries that Japan’s lack of anti- 
espionage laws might limit participation 
seem also to have been dispelled. US 
Defense Secretary Caspar Weinverger 
said last week that Japan would not have 
to be bound by special confidentiality 
agreements to carry out SDI research, 
given the “high level of trust between the 
two nations”. 

At the end of the day, however, there is 
still no doubt that many researchers in 
industry would prefer to have little to do 
with SDI. Some, who remember the Sec- 
ond World War, find any involvement 
with the military regrettable. Others attri- 
bute Japan’s economic miracle to its re- 
fusal to waste talent or money on the de- 
velopment of military rather than con- 
sumer technology. They fear they are 
gradually going to be dragged down into 
the same hole in which the United States 
finds itself. Alun Anderson 


Waving the star (wars) and stripes 


Washington 
No expense was spared, no detail too small 
at a Washington banquet and award cere- 
mony held last week for heroes of the Stra- 
tegic Defense Initiative (SDI). Even jaded 
regulars at defence contractor bashes were 
flabbergasted when a full-colour guard in 
revolutionary war uniforms marched to 
the podium to the beat of fife and drum, 
bearing the stars and stripes and military 
flags festooned with campaign streamers. 
The Hollywood-style ceremony was held 
by the American Defense Preparedness 
Association (ADPA), a defence contractor 
organization, as part of a two-day classi- 
fied symposium on SDI at the National 
Academy of Sciences. The first two recipi- 
ents of the ADPA Strategic Defense Award 
were Dr James Fletcher, recently nomi- 
nated as administrator of the National 
Aeronautics and Space Administration 
and chairman of a key early study that 
supported SDI, and Dr George Keyworth, 





a fervent SDI advocate who was until re- 
cently director of the White House's Office 
of Science and Technology Policy. Me- 
dallions bearing the ADPA seal were 
presented to the proud winners by no less 
than Lt General James Abrahamson, di- 
rector of the SDI organization. . 

Banquet guests were then treated to five- 
minute film clips capturing dramatic high- 
points of the public-consumption experi- 
ment spectaculars. The US Army's SDI 
team and the Lockheed Missile and Space 
Company took home the ADPA Strategic 
Defense Technical Achievement Award, 
for the successful homing overlay experi- 
ment in which a dummy missile was inter- 
cepted and destroyed in space. Runners-up 
were Dr Richard Briggs of Lawrence 
Livermore Laboratory (free electron 
laser), and Itek Optical Systems Division 


(atmospheric compensation system, 
tested on television during a shuttle flight 
last year). Tim Beardsley 
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French elections 


Research loses 

. Ф . 

Its ministry 

Tue French general elections last week, 
which led to the appointment of a new 
right-wing French government, have also 
produced a slap in the face for the research 
establishment. For M. Jacques Chirac, the 
new prime minister, has failed to appoint a 
minister to head the Ministére de la 
Recherche et de la Technologie (MRT), 
the nerve centre of the previous govern- 
ment's strategy on research. Last week, 
staff at the ministry were in limbo, as 
ministerial appointments were announced 
which ignored the existence of MRT. 

Even worse, the new prime minister, 
the mayor of Paris and leader of the 
minority Rassemblement pour la Repub- 
lique (RPR) party, has not mentioned 
research or technology in a list of five 
priority issues for the future, although the 
, outgoing socialist government would 
almost certainly have done so. For Chirac, 
precedence goes to issues such as de- 
nationalization, law and order and a 
return to transferable voting (a system 
which President François Mitterrand 
threw out in favour of proportional rep- 
resentation in a successful bid to compli- 
cate the right’s hold on the present 
parliament). 

According to the plans of Chirac's sci- 
ence advisers, responsibility for technology 
policy and the overall distribution of the 
French government research budget will 
be given to a prime-ministerial office one- 
tenth the size of the present MRT, which 
would be faster acting and more flexible 
than the socialists' ministry. But by late 
last week, no announcement had been 
made about the setting-up of such a body. 

This turn of events presents one big 
question-mark for Eureka, tbe pro- 
gramme for European cooperation in 
high-technology innovation which was 
created with a great flourish by President 
Mitterrand last year. Anomalously, 
Mitterrand remains president until the 
next presidential elections (which must 
take place by 1988). Constitutionally, he 
will retain major powers over foreign and 
defence policy, and already he has vetoed 
one of Chirac's nominees for the job of 
foreign minister — ostensibly because the 
candidate was too much in favour of the 
US Strategic Defense Initiative (SDI). 
Eureka will fall slap into the centre of this 
turmoil, as the programme was born as a 
response to the US call for European par- 
ticipation in SDI, and involves foreign, 
defence and research policy in high 
degree. Yet the ministry which has been 
overseeing the programme (MRT) is no 
longer to exist: conflict between Chirac 
and Mitterrand on foreign policy seems 
inevitable. 


France's giant leap into modern inter- 
active exhibition methods for science and 
technology, is now open to the public. 
Originally commissioned by the previous 
French president, M. Giscard d'Estaing, 
the Cité has grown out of a gigantic and 
failed abattoir built to serve the whole of 
the Paris region. 

The redesigned building includes two 
“domes” on the roof which will follow the 
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Sun and channel light to the building 
through a system of mirrors. The 36- 
metre-diameter *Geode" in front of the 
building houses a 180-degree projection 
system and can seat 370 people. The whole 
complex cost FF4,450 million (around 
£445 million) and, with 800 staff, will cost 
FF158 million ($16 million) a year to run. 
Parts of (he exhibition have yet to be com- 
pleted, but all should be in operation by 
September this year. Robert Walgate 





As for research, M. Chirac's actions so 
far are entirely consistent with statements 
made by his science advisers before the 
election. The only mention of research in 
Chirac's new, slimmed-down administra- 
tion is at the ministry of education, where 
one of three junior ministers assisting the 
principal education minister will be res- 
ponsible for "the universities and re- 
search". If the previously advertised pro- 
gramme is carried through, this new 
"delegate minister", theoretical! chemist 
M. Alain Devaquet, will now take control 
of the major French research council, the 
Centre National de la Recherche Scientif- 
ique (CNRS), and begin to dismantle 
parts of it in order to decentralize policy- 
making and to give university researchers 
more direct power over their laboratories. 

Devaquet himself, however, is less 


feared by some of the architects of the 
previous government's science policy than 
others Chirac might have chosen. A 43- 
year-old professor at the University of 
Paris (South), he studied chemistry at the 
École Normale Supérieure de St Cloud 
from 1962 to 1966, and has worked in 
North America at Cornell University and 
the University of Western Ontario. Heisa 
member of a respected CNRS “/abora- 
toire associé”, one of the many CNRS 
laboratories jointly supported by the uni- 
versities and by CNRS. Many such lab- 
oratories, however, have a sense of having 
suffered from CNRS policies of concen- 
tration, which are claimed to have favour- 
ed the CNRS’s fully-owned “laboratoires 
propres" , and this factor may shape some 
of Devaquet's own thinking. 

Robert Walgate 





Nuclear energy 


Weizsäcker changes his mind 


Hamburg 
CARL FRIEDRICH von Weizsäcker, the 
physicist and philosopher whose brother, 
Richard von Weizsácker, is West German 
president, has changed his mind about the 
place of nuclear energy in the fuel econ- 
omy of West Germany. As director of the 
Max-Planck Institute of Future Research 
until his retirement in 1980, von 
Weizsäcker judiciously balanced his op- 
position to nuclear weapons with the 
opinion that peaceful nuclear energy is a 
necessity. But now, in a foreword to a 
book to be published shortly, he announc- 
es that he has changed his mind. 
Although now 74, von Weizsácker's 
opinion is still influential in West 
Germany. His revised opinion accompan- 
ies a book Die Grenzen der Atomwirt- 
schaft (The limitations of the nuclear 
economy) by Klaus Michael Meyer- 
Abich, a Hamburg state senator, and 
Bertram Schefold, a Frankfurt economist. 
Von Weizsäcker has been influential in 





the West German debate on nuclear 
energy since at least 1957, when he organ- . 
ized the "declaration of the Góttingen 
eighteen" in which a number of distin- 
guished West German physicists declared 
their opposition to nuclear weapons. In 
1983, he was the adviser on national se- 
curity policy to the social democratic can- 
didate for federal chancellor, Hans- 
Jochen Vogel. 

According to the unpublished fore- 
word, von Weizsácker has changed his 
mind because of the “sleepless nights" he 
endured worrying about the problem of 
the protection of civil nuclear power 
plants from attack, either by terrorists or 
in time of war. He says that he has come to 
prefer that the development of solar 
energy should now take precedence be- 
cause of his fear of “outrages”. and that he 
does not dispute the possibility that, in a 
peaceful world, nuclear energy could 
again "render mankind an important 
service". Jürgen Neffe 
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Japan's research 
ZOpensdesedreur 


NEWS 


Industry imitating life tomorrow 


Tokyo 

A SMALL team inside Japan's Ministry of 
International Trade and Industry (MITI) 
is busy preparing the framework for a 
major research programme *the 
human frontier project" — that will try to 
create a new interface between basic bio- 
logical research and technological devel- 
opment. With luck, the programme could 
be launched during the summit of the 
leaders of the Western industrial nations 
in Tokyo in May. 

The human frontier programme takes 
its fanciful name from part of a report 
submitted to MITT's Agency of Industrial 
Science and Technology by a special 
advisory panel. Among its members were 
Leon Esaki, Nobel prizewinner and head 
of IBM's Tokyo Research Center. The 
report, entitled Technological Develop- 
ment and International Exchange for the 
2154 Century, makes the customary criti- 
cisms of Japan as a "free rider" on the 
West's basic research endeavours. It goes 
on to propose the "human frontier" plan 
in that curious mixture of officialese and 
hyperbole, studded with fashionable high- 
tech words taken from the English, that 
seems to characterize the workings of 
small advisory groups. Among other 
things it calls for "researchers with cen- 
tripetal force (!) to be collected in one 
place so that through repeated burainsuto- 
mingu (brain storming), tema (themes) 
and conseputo (concepts) can be clar- 
ified . . .". As with other MITI research 
projects, however, exotic titles and pre- 
liminaries are no guide to the seriousness 
of the contents. 

What is being suggested is a long-term 
(perhaps twenty-year) programme aimed 
at carrying out basic research in the bio- 
logical sciences but with very close atten- 
tion to possible technological applications. 
MITI research projects, which have always 
been partly carried out in government 
research institutes and partly in industrial 
companies, seem just the format for this 
approach. And if it seems unlikely that 
industrial companies would be interested 
in basic biological research, it is worth 
remembering that both NEC and Mitsu- 
bishi Electric are running invertebrate 
neurophysiology programmes on the 
grounds that better computers can be built 
by studying the way living organisms 
transmit and process information. 

That idea is behind one of the three 
main areas proposed for the human fron- 
tier programme: an attempt to imitate 
functioning of brain and nerve networks 
to find new ways of information manage- 
ment and control circuitry that could be 
implemented in new kinds of electronic 
materials. A second area is the imitation 
of chemical processes taking place within 





living things. The aim is to build better 
industrial catalysts, carry out reactions 
using less energy and to trap light energy 
with artificial photosynthesis systems. 
Imitation of muscles and sinews of living 
organisms comes third, with the aim of 
building energy-efficient "physiological 
machines". The overall philosophy is of 
basic research for the sake of its applica- 
tions, contrasting with the popular 
Western concept of basic research for the 
sake of “the advancement of knowledge"! 

The human frontier programme is not 
the only new project to be aired in recent 
weeks. A separate private advisory panel 
to the Prime Minister, the Advisory 
Group on Structural Economic Adjust- 
ment for International Harmony, is ex- 
pected shortly to call for a Japanese 
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version of the European Eureka high- 
technology development project. Arti- 
ficial intelligence, new materials, opto- 
electronics and robotics are likely to be its 
key themes and international collabor- 
ation is to be invited. 

What in part makes thoughts of such 
projects possible is the dramatic drop in 
Japan's oil bill. Two-thirds of Japan's 
energy needs are met by oil and every 
drop of it is imported. The halving of 
crude oil prices (not yét passed on to the 
consumer) gives the government an un- 
paralleled opportunity to spend money in 
new ways. À second factor is the problem 
of Japan's participation in the US Stra- 
tegic Defense Initiative (SDI) (see page 
294). Public opposition to military re- 
search in Japan is strong and it is thought 
that major, non-military international re- 
search might sweeten the involvement in 
SDI that the government is clearly aiming 
at. Alun Anderson 





Japanese space programme 


Abundance of satellites planned 


Tokyo 

New and revised plans for Japan’s space 
programme were announced last week by 
the Space Activities Commission (SAC). 
Altogether the launch of some eleven 
satellites plus a couple of space experi- 
ments have been fixed for the next five 
fiscal years, along with development of 
new and more powerful launch vehicles. 

SAC is a part of the Prime Minister’s 
Office responsible for overall coordina- 
tion of the space programme’s two arms: 
the scientific programme run by the In- 
stitute of Space and Astronautical Science 
(ISAS) and the applications programme 
run by the National Space Development 
Agency (NASDA). On the academic side, 
the chief news is that a magnetosphere 
observation satellite “Geotail” will be 
launched by the end of the 1990 fiscal 
year. The satellite is due to be launched by 
the space shuttle in a cooperative pro- 
gramme with the United States and will 
make observations on the structure and 
dynamics of the long magnetic tail formed 
on the night side of the Earth. 

In the nearer future, two other Japanese 
experiments are due to be taken up by the 
space shuttle. No changes in their dates 
have yet been announced by the US 
National Aeronautics and Space Adminis- 
tration as a result of the explosion of the 
Challenger. From ISAS come Space 
Experiments with Particle Accelerator 
(SEPAC). The idea is to inject charged 
particles from electron and ion beam 
accelerators into the Earth’s ionosphere 
and magnetosphere to generate an artifi- 
cial aurora which will aid understanding of 
the behaviour of space plasma and the 
generation of auroral lights. NASDA 
aims at a more practical application with 








its First Material Processing Test, to be 
carried on Spacelab. Various experiments 
for producing materials under gravity-free 
conditions are under development. 

Three other important missions will 
come from ISAS. As had been expected. 
Astro-C will be launched this fiscal year to 
continue ISAS’s highly successful series of 
X-ray observation satellites. Heavier and 
bigger than its two predecessors launched 
in 1981 and 1982, it should be able to ob- 
serve X-ray scurces in more distant 
galaxies as well as in the Milky Way. 
Following that, Exos-D will be launched 
in fiscal year 1988 to continue the series of 
satellites observing the upper atmosphere 
and aurora. Next, in fiscal year 1989, the 
“Muses” interplanetary probe pro- 
gramme will begin with the launch of 
Muses-A, a satellite designed to test the 
orientation, control and data-transmis- 
sion systems needed to make possible a 
flight to the Moon. 

The SAC plan also reveals that 
NASDA’s H-II rocket should be ready: 
for its maiden flight in fiscal year 1991. 
Using almost entirely home-developed 
technology, it will have two liquid 
hydrogen/liquid oxygen stages and be 
capable of putting a two-ton satellite into 
geostationary orbit. But before that its 
predecessor, the H-I, capable of handling 
only a 550-kg payload, should, between 
fiscal years 1987 and 1989, have launched 
six satellites. Success will of course de- 
pend upon the conclusion of the current 
development of the H-I's second-stage 
liquid hydrogen/liquid oxygen engine. Be- 
fore H-I comes into operation, one more 
satellite will be launched by the last of the 
N-II liquid fuel rockets, the Mos-I marine 
observation satellite. Alun Anderson 
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US research costs 


Pressure builds 
in Congress 


Washington 

RESPONDING to howls of indignation from 
US universities and Congress, the White 
House’s Office of Management and Bud- 
get (OMB) now says it is willing to delay 
implementing new regulations for com- 
pensating universities for the indirect 
costs associated with federal grants. 

Joseph Wright, deputy director of 
OMB, made the offer to postpone imple- 
mentation until 1 July at a meeting of the 
House of Representatives subcommittee 
on science research and technology to 
consider the planned changes. Members 
of the subcommittee were dismayed by 
OMB’s “haste” to make sweeping changes 
to Circular A-21, the document providing 
the blueprint for cost reimbursement. The 
proposed revisions would limit the reim- 
bursement for administrative costs to a 
fixed percentage of the total amount of a 
grant; 26 per cent in 1986, dropping to 20 
per cent in 1987. 

OMB estimates the move will save $300 
million over the next two fiscal years. 
OMB published its proposed changes in 
the Federal Register on 12 February, with 
a comment period of only 30 days. The 
revisions were to take effect from 1 April, 
although individual agencies were allowed 
to delay implementation for up to a year, 
and most had said they would need at least 
until 1 July to change their procedures. 

Even before the new regulations were 
announced, the university community was 
seething over rumours of OMB’s plans 
(see Nature 319, 346; 1986). The com- 
plaints were that OMB was making the 
changes without consulting those affec- 
ted, and that the 26 per cent figure was 
arbitrary, not reflecting varying needs in 
different institutions. When the changes 
were finally announced, universities were 
indignant at the short period allowed for 
comment, complaining that OMB could 
not be very interested in what they had to 
say. 

Since 12 February, university presi- 
dents and their allies in Congress have 
unleashed a flood of letters to OMB pro- 
testing the changes. Forced into a concili- 
atory posture before the subcommittee, 
Wright was nonetheless unwilling to ex- 
tend the 30-day comment period. He did, 
however, agree to meet Dale Corson, 
chairman of the Government/University/ 
Industry Roundtable, to establish an 
agenda for discussions in the coming 
weeks. In addition, subcommittee chair- 

| man Doug Walgren (Democrat, Pennsyl- 
| vania) indicated that his committee would 
continue to take testimony on the amend- 
| ments, and would require OMB to re- 
spond to them. Joseph Palca 


NEWS 


British astronomy 
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Time for Greenwich to move 


A DECISION has finally been made about 
the fate of the two ground-based observa- 
tories in Britain. The Science and Engin- 
eering Research Council (SERC), which 
supports the Royal Greenwich Observa- 
tory (based, since 1948, at Herstmonceux 
in Sussex) and the Royal Observatory, 
Edinburgh, announced last week that the 
Royal Greenwich Observatory (RGO) 
will be moved yet again. A final decision 
will be made in June between the three 
sites now under consideration: “in order 
of priority", Edinburgh and the Univers- 
ities of Cambridge and Manchester. 

The need for some decision arises from 
the steady replacement of British-based 
optical instruments by more advanced 
equipment at overseas observatories, 
chiefly at La Palma in the mid-Atlantic 
and Hawaii. Although the two British 
observatories have provided technical and 
managerial support for the overseas 
Observatories, the role of RGO in this 
connection will be much reduced from 
1990, with the completion of the 4.3-m 
John Herschel reflector at the La Palma 
observatory. Although SERC plans to 
decide on the eventual location of RGO at 
its meeting in June, the move will not take 
place until 1990. 

Plainly, SERC has found its decision 


about the location of RGO exceedingly |. 


difficult to make. The need for some re- 
organization has been apparent for some 
five years, and has been an urgent issue 
since November 1984, when SERC put in 
hand a reappraisal of its pattern of spend- 
ing. But a working party under the pre- 
vious chairman of SERC, Sir John King- 
man, which produced a list of options for 
the council in January of this year, was 
apparently unable to decide between 
them. It will not be possible to confirm 
rumours that the Kingman group recom- 
mended a continuation of the status quo 
because, according to Professor E.J.W. 
Mitchell, now the chairman of SERC, its 
report will not be published. 

Atthe same time, the possibility of Brit- 
ish withdrawal from the Anglo-Australian 
Telescope has been postponed, at least 
until 1990. This became a live issue rough- 
ly a year ago, when continued British col- 
laboration at the Australian site, which 
costs SERC £1.5 million a year, was given 
a low priority by the Astronomy and 
Space Board of SERC. Australians were 
quick to point out that the collaboration is 
regulated by a formal treaty between Brit- 
ain and Australia with no break clause. 
Now, it seems, discussions are under way 
with other potential partners, including 
Japan, which may lead to a change of 
status for the Anglo-Australian Telescope, 
but not before the end of the decade. 

SERC's intention is that the move of 


: RGO from the Hertmonceux site will be 
self-financing, at least so far as capital 
‘costs are concerned. The chief, but still 
‘uncertain, element in any such calculation 
is the value of the fifteenth century castle 
which dominates the observatory's site in 
Sussex. One imponderable is the likely 
‘value of the building on the open market. 
.Another is whether SERC would be 
allowed by the British Treasury to keep 
‘the whole proceeds of a successful sale. 
According to Mitchell last week, tbe 
intention is that RGO should retain its 
Separate identity even when it has moved 
ito another site. To the extent that both 
RGO and Edinburgh provide instrument- 
‚al and engineering support for overseas 
'telescopes, the two large optical instru- 
‘ments at La Palma and the infrared and 
‘millimetre-wave telescopes in Hawaii (the 
second of which is now nearing comple- 
' tion), the advantages of a merger at Edin- 
burgh are plain. But SERC is also aware 
of the benefits of siting RGO at a university 
where astronomy is already strong. One of 
SERC's disappointments in the present 
arrangements is plainly that the connec- 
tion between RGO and the University of 
Sussex, 20 miles away, is “not the kind of 
interaction we are looking for”, according 
‘to Mitchell. 

For the time being, there are no firm 
plans to save recurrent costs by the pro- 
posed move, although the Astronomy and 
Space Board is already committed to 
reducing its expenditure by £1.5 million a 
year in the interests of SERC's flexibility. 
Steps have already been taken to consult 
trades unions representing staff at RGO. 

Among the complications of the move 
now foreseen are the need to continue the 
work of the Nautical Almanac Office to 
which RGO now makes only a nominal 
contribution. The work of the laser- 
ranging unit based at RGO will be contin- ` 
ued if suitable arrangements can be reach- 
ed with the Ministry of Defence and with 
the Department of Trade and Industry. 
SERC seems conscious of the need to pre- 
serve and make accessible the archive of 
RGO, but not necessarily at the site to 
which RGO as a whole will move. 

By the time the eventual location of 
RGO is decided in June, more may be 
known of the long-term relationship 
between SERC and the National Space 
Centre established last year by the British 
government, but stil largely a paper 
entity. The possibility that SERC might 
become one of the contributors to this 
organization, which would be used as a 
vehicle for carrying through space research 
projects now under the wing of the Astron- 
omy and Space Research Board, is being 
considered, but negotiations have not yet 
been completed. 
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US Office of Naval Research 


NEWS 


More money means more trouble 


Washington 

Тнв US Office of Naval Research (ONR) 
celebrates its fortieth anniversary this 
year, but its biological research managers 
have their eyes to the future. The $40 
million spent this year by ONR’s life sci- 
ences directorate supports some of the 
most long-term basic research in the 
federal budget. But as the federal budget 
for military research has increased in re- 
cent years in relation to the civilian 
budget, the role of ONR seems to be 
changing. It plans to support more train- 
ing and education as well as research. 
Some academics have misgivings. 

Almost all the life sciences research 
supported by ONR (about 15 per cent of 
the total) is carried out under contracts 
with universities. ONR uses the newest 
techniques of molecular biology and bio- 
technology to produce protein adhesives, 
deuterated lubricants and other surfactant 
molecules. Priority research topics in- 
clude enzymes from organisms that in- 
habit extreme environments, the interplay 
of the central nervous system with im- 
mune function and the modelling of 
neural circuits with the aim of understand- 
ing “biological intelligence". 

ONR selects among research proposals 
at least partly by independent review. All 
the bioscience research is unclassified. 
But there the similarity with a civilian re- 
search agency ends. In the words of Dr 
Steven Zornetzer, associate head of 
ONR’s life sciences directorate, research 
supported by ONR “should have, or could 
have down-the-line” applications for the 
US Navy. That condition is one of the 
reasons behind a recent controversial 
ONR decision to close its Naval Bio- 
sciences Laboratory at Oakland, Cali- 
fornia. It has also caused dissent at the 
Massachusetts Institute of Technology 
(MIT), where biology faculty have voted 
once to refuse up to $4 million per year of 
ONR support for a new biotechnology 
training programme. 

The Naval Biosciences Laboratory, 
managed by the School of Public Health of 
the University of California (UC) at 
Berkeley, had a total budget of $5.7 mill- 
ion in 1985 (mostly from ONR) and a staff 
of about 100. Research there focuses on 
gene expression in different systems and 
on “slow” viruses. In 1984, the School of 
Public Health and the laboratory together 
inaugurated a molecular parasitology re- 
search group, headed by acting laboratory 
director Dr Nina Agabian, which grew 
rapidly and now represents about half of 
the laboratory’s staff. But, despite “extra- 
ordinarily high marks” at a May 1985 ex- 
ternal review, Agabian says that the labor- 
atory was told abruptly last September 
that the site must be vacated by Septem- 





ber 1987. Feelings are still running high. 

ONR cites two reasons for the decision. 
First, the converted Second World War 
barracks that house the laboratory are 
outdated, and modification would not be 
cost effective. And, second, molecular 
parasitology with potential medical appli- 
cations should be the responsibility of the 
US Army rather than ONR in accordance 
with an inter-service agreement that the 
army should support infectious disease re- 
search. Agabian's group now expects to 
be rehoused in a new building as part of an 
inter-campus parasitology effort with UC 
San Francisco. The relationship with 
ONR seems over. 

The navy clearly had reason other than 
mere lack of interest in the laboratory's 
dominant research area for its decision. 
The laboratory's contractual position is 
unusual (although not unique). Other 
non-competitive research contracts were 
modified at the same time. 

Worries that basic research may be 
skewed towards military objectives under- 
lie in part the vote by MIT's biology 
faculty last month not to apply to ONR for 
support for its planned biotechnology 
training programme. ONR announced 
last January that (together with the De- 
fense Advanced Research Projects 
Agency) it proposed to spend an addi- 
tional $25 million in fiscal year 1986 on 5- 
year block research grants worth up to $4 
million. The increase represents ONR’s 
share of the Pentagon’s University Re- 
search Initiative, which comes on stream 
this year. One of the eligible grants, for 
marine bioengineering, would support 
graduate student research training in 
molecular biology of marine organisms, 
with special reference to bio-fouling and 
drag reduction. 

MIT's plans for an interdisciplinary bio- 
technology training programme had been 
held up by lack of funds so that the new 
ONR grant seemed a godsend. But the 
biology faculty objected to applying (al- 
beit at a poorly-attended meeting), al- 
though the other faculties that would be 
involved have raised no objection. The 
biology faculty is expected to reverse its 
decision in a second vote this week. 

ONR already supports some resear- 
chers in the MIT biology faculty, but op- 
ponents of ONR support distinguish be- 
tween individuals who accept specific 
ONR research grants and MIT as a whole 
accepting that a whole course should be 
supported ultimately by the Department 
of Defense. 

Dr Maury Fox, chairman of the biology 
department, who does not oppose the idea 
that ONR might support the course, 
would also prefer educational pro- 
grammes funded by non-military sources. 
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No help on AIDS 


Tue illustration below is the only one in a 
full-page advertisement headed ARE YOU 
AT RISK FROM AIDS? which was placed 
by the Department of Health and Social 
Security in British newspapers last week. 
Its caption runs: *a, AIDS nucleoid con- 
taining the biological message to cause 
damage (sic). b, Lipid membrane (very 
fragile). Packages virus and allows move- 
ment between cells. c, T helper cell/white 
cell.” 

The text of the advertisement, which is 
admirably expressed in plain English, does 
not mention nucleoids, lipids, virus pack- 
aging, T helper cells or white cells. Asked 






why such an enigmatic illustration and con- 
fusing legend should have been allowed to 
mar an otherwise excellent message, a 
spokesman for the department said it was 
included to relieve the monotony of the 
text. Asked what a nucleoid was, she came 
back with the definition “a granular or fib- 
rillar substance in certain erythrocytes 
which resembles a nucleus”. That is indeed 
one dictionary definition (for example 
McGraw-Hill Nursing Dictionary). But the 
appropriate definition is “A term used by 
electron microscopists to describe the 
electron-dense centrally placed region ob- 
served in certain viruses” (A Dictionary of 
Virology, Blackwell). о 


Fox believes, however, that that is a matter 
for national policy and "I'll have to live 
with it". Others are unconvinced. Frank 
Solomon, assistant professor of biology at 
MIT, opposes ONR block grants and be- 
lieves the Pentagon would not hesitate to 
classify *biosludge" research that turned 
out to have important weapons appli- 
cations. And he is opposed in principle to 
the military supporting and controlling a 
larger proportion of US basic research, 
selecting topics on other than exclusively 
scientific merit. 

Others fear that the “increased collab- 
oration with ONR" mentioned with the 
grant prospectus might increase oppor- 
tunities for military direction of the work. 
Whatever the outcome of the MIT debate, 
similar questions may be asked on other 
campuses as defence research dollars 
spread further. Tim Beardsley 
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Medical Research Council 


NEWS 


Government blamed for decay 


Forcep to lay bare its plans for the next 
five years, the British Medical Research 
Council (MRC) has identified several 
areas of research into which it intends to 
pump money but is much less categorical 
about where the money will come from. 

MRC's first “Corporate Plan", published 
last week, has been produced in response 
to a request by ministers and the Advisory 
Board for the Research Councils for each 
council to explain how it intends to cope 
with the decline in the overall funds for 
research that are forecast for the next five 
years. In a grudging introduction to its 
plan, MRC asks how it can plan for five 
years when its budget is the result of an 
annual bid with an uncertain outcome, 
made worse by late decisions. 

In general terms, the plan states that 
MRC cannot simply opt out of some areas 
of medical research. So it will have to raise 

the threshold for ‘providing funds in all 
" areas of research. At the same time, there 
is a need for concentration. of resources 
within certain areas in order for the re- 
search to be internationally competitive. 

The one such area of research that is 
clearly identified in the plan is neuro- 
biology. This comes as no surprise, since 
MRC has repeatedly stressed that British 
neurobiology is in a poor state but has 
failed to do much about it. “There is a 
need for a large centre where the develop- 
ment, interactions and molecular biology 
of nerve cells and their supporting com- 


British farm research 





ponents can be studied... in order to retain 
in this country a number of our most gifted 
workers”, says the report. Additionally it 
identifies an urgent need to establish at 
least one major new centre in Alzheimer’s 
disease and a large new facility of parasit- 
ology, particularly since spending on trop- 
ical medicine in Britain “can only be des- 
cribed as derisory”. 

Other priorities include a new MRC 
unit to study disorders of movement and 
balance, an expansion of support for 
protein engineering and a need for strong 
centres for the clinically led study of in- 
fectious diseases. 

The problem is how to support the new 
initiatives. MRC uses its plan to say that 
while remaining alert to ways of increasing 
its income from commercial resources — 
which accounted for less than £2 million of 
the £123.5 million income last year — the 
generation of income will not become a 
guiding purpose of its research pro- 
grammes. Nor does the council intend to 
become a fund-raising organization. 

Even without the need to finance new 
initiatives, the plan identifies the need for 
extra spending. First, the salaries that can 
be offered are already uncompetitive in 
some key areas of research. Second, there 
is a pressing need to increase the number 
of research studentships and training 
fellowships to avoid the loss to research of 
many gifted graduates. And, third, there 
is the severe problem of outdated equip- 


Downbeat plan for agriculture 


Tue British Agricultural and Food Re- 
search Council (AFRC), which has seen 
the British government wash its hands of 
responsibility for agricultural research in 
the past five years, has now produced a 
corporate plan for the years ahead which 
is reciprocally dismissive of what it can 
expect from government. Тһе chief 
message is that, within a budget that will 
have shrunk by some 26 per cent (if 
inflation works out at an average of 5 per 
cent a year) between 1983 and 1991, the 
council will somehow manage to increase 
its spending on university research grants 
to more than £8 million a year. 

The council goes further than its pre- 
decessors to acknowledge why the British 
government has been beastly towards 
АЕКС by noting that the success of Euro- 
pean agricultural research, which is mani- 
fésted by the large surpluses of commodi- 
ties accumulated under the Common 
Agricultural Policy, are a proof that 
merely i increasing production is no longer 
a sufficient objective for research. But the 
plan says that while consideration such as 


t 


the nutritional value of the public diet are 
now of greater importance than in the 
past, it remains the case that the produc- 
tion of high-value-crops at low cost is an 
important objective of research. 

The plan also marks out, as a new direc- 
tion for its research, the better integration 
of agriculture with environmental con- 
siderations, an issue raised two years ago 
by a report of the House of Lords Select 
Committee on Science and Technology 
which was generally critical of farmers. 

The corporate plan shows that most 
areas of AFRC research will decline in the 
years ahead, but that there will be a 
growth (to 14.2 per cent by value) of food 
research. It says that it hopes to raise 
funds from other than government 
sources to increase what it has available 
for research, but is plainly uncertain how 
to calculate what may be available given 
the government's intention to support а 
substantial part of the cost of British agri- 
cultural research by levies on those sec- 
tions of the farming industry that can be 
made to pay for the service. 








299 





ment in MRC research establishments. 
To meet all these demands, MRC is to 
impose higher standards in judging 
whether to continue an existing research 
unit upon the departure of its director, 
and to encourage all directors not to 
replace staff who leave. It intends also to 
puse compulsory retirement “on 
grounds of reduced efficiency" for its 
| scientists and to be tougher ín assessing the 
! cost-effectiveness of research it supports. 
Lacking any real solution to its financial 
problems, however, MRC uses its corpor- 
ate plan repeatedly to attack government 
policy. Reduction of public expenditure is 
a legitimate aim, it implies, but “the cuts 
'have been made too rapidly for any sens- 
ible accommodation . . . there has been 
little appreciation of the damage this is 
causing to the nation's research capa- 
, bility”. Peter Newmark 


West German environment 


Greens bite 
back in Hesse 


Hamburg. 

Herk Joschka Fischer has begun to make 
his mark as the first member of the en- 
vironmentalist Green party to hold office 
as a regional government minister. At the 
beginning of the month, Fischer made 
public his first set of regulations, intended 
to improve water quality of the rivers 
Main and Rhine, which will bear most 
directly on the operations of Farbwerke 
Hoechst, the largest chemical manufac- 
turer in West Germany. 

Fischer owes his post as a minister in the 
Hesse government to the failure of the 
Social Democrats (SPD) to retain their 
majority in the Hesse parliament. The 
Hesse Greens were at first divided over 
the proposal that they should form a coali- 
tion with the SPD, but eventually a “тей- 
green" alliance was formed. 

Far from being a stranger to politics, 
Fischer won acclaim during his two years 
in the federal parliament (Bundestag) as 
an eloquent speaker. He was required to 
retire from the Bundestag when the 
Greens decided that their representatives 
would be rotated every two years. 

In fact the pollufion limits so far 
decreed are likely to cause Hoechst very 
little trouble. Apparently relieved that the 
regulations are not more worrying, the 
company says that it will need no new 
equipment to keep its daily discharge of 
mercury below 1.125 kg and cadmium 
below 0.6 kg (a fourfold reduction in each 
case). The daily discharge of all acid is to 
be reduced from 150 to 10 tonnes. How- 
ever, Fischer does not conceal his inten- 
tion, in collaboration with Hoechst, that 
pollution should be further reduced when 
the new TEENS expire in 1987. 

Jürgen Neffe 
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Polish agriculture 


NEWS 


Plans for foundation impeded 


PoLANDp's controversial “agricultural 
foundation", sponsored by the Roman 
Catholic Church, which plans to raise 
money in the West to inject new tech- 
nology into Polish agriculture, has run 
into further trouble. The original scheme 
would have benefited only private farm- 
ers, since the 25 per cent of land in the 
“socialized” sector has for many years re- 
ceived massive government investment. 
But Polish sources now report that the 
government is pressing for a proportion 
of the fund to go to socialized agriculture. 

Since the idea of the foundation was 
first mooted four years ago, government 
negotiators have shown every sign of try- 
ing to block progress. Meetings with 
Church representatives have been post- 
poned on every conceivable excuse, rang- 
ing from the “wars of the Crosses” (pro- 
tests by secondary school children about 
the removal of crucifixes from their class- 
rooms) to the murder of Father Jerzy 
Popieluszko. 

Even after the enabling legislation for 
the foundation was passed in autumn 
1984, the wrangling continued. Under the 
terms of the foundation, an initial $28 mil- 
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lion was raised for pilot studies, and ten 
projects were worked out, including water 
development, agricultural field services, 
milk production and tractor repairs. But 
the government was reluctant to let work 
begin on any of these until the whole cost 
of the planned rescue operation ($1,800 
million over five years) had been raised. 
Another cause of dispute was the foun- 
dation's plan to import agricultural ma- 
chinery and supplies, purchased for hard 
currency, and to sell them to farmers at 
current market prices, but for zloty, partly 
on a deferred payment basis. (The zloty 


| fund so created would eventually be used 
for in-country investments such as ar- 
tesian wells and for improving the social 
infrastructure in rural areas.) The Church 
wished the imports to be duty-free; the 
State pressed for the payment of the full 
rate of duty. Shortly before the parliamen- 
tary elections last autumn, the govern- 
ment seemed prepared to concede this 
point, with the unspoken quid pro quo 
that the Church would not encourage the 
calls for a boycott of the elections. When 
the bishops themselves stayed away from 
the elections, the attitude of the. govern- 
ment hardened perceptibly. 

By the beginning of this year, a new 
point of contention was raised. The gov- 


US agriculture 





Washington 

Tue new biotechnology should allow the 
United States to continue meeting domes- 
tic food requirements and to contribute 
significantly to world food demand over 
the next 20 years, according to a new re- 
port* by the Office of Technology Assess- 
ment (OTA). But the same technologies 
could also exacerbate a trend towards 
fewer and larger farms, unless Congress 
takes action to prevent it. 

OTA estimates that a 1.8 per cent an- 
nual increase in world food production is 
needed to meet demand by the year 2000, 
and 83 per cent of this increase has to be 
from increased production through new 
technology. OTA agrees with other stud- 





the first to benefit from genetic engineer- 
ing and other new techniques; plant bio- 
technology will also benefit, while infor- 
mation technology should allow improved 
crop and herd management. 

Under the most likely assumptions, in- 
cluding application of new technology, 
OTA estimates that food production 
could increase by 2 per cent per year. But 
if the utilization of new technology were 
significantly less than that OTA thinks 
most likely, the goal necessary to meet 
world demand would not be met. 

The very detailed report appears to 
have received a favourable reaction in the 
US Department of Agriculture. But its 
most controversial conclusions — because 
they have immediate consequences for 
domestic policy — are those relating to 
different types of farms. OTA argues that 
very large farms (annual sales of more 
than $250,000) will be well able to apply 
the new technologies by themselves, 
whereas moderate and small farms will be 
less able to do so without targeted help 





from the government. As a result, the ! 


ies that animal production is likely to be’ 





ernment hinted that the $200,000 pledge 
to it by Mr Lech Walesa (his 1982 Nob 
peace prize winnings) would “politicize 
the fund irretrievably. A face-saving fo 
mula was worked out by which the orga! 
izing committee “relieved Mr Walesa « 
the moral obligations he undertook whe 
he donated the prize to the foundatior 
and Walesa himself decided to withdra 
his winnings. 

A Vatican Radio communique whic 
announced the organizing committee’s di 
cision at the end of February was couche 
in terms suggesting that, once this matte 
is resolved, the foundation could impk 
ment the pilot projects. But the ne 
demand that “socialized agriculture 
should have a share of the fund sugges’ 
that the Polish government is still set o 
prolonging the negotiations as long c 
possible. Vera Ric 


More food, but fewer farms 


relative competitive advantage enjoye 
by large farms will increase as technolog 
advances. OTA predicts that the numbe 
of farms will fall from 2.2 million in 1982 t 
1.2 million. by the year 2000, The numbe 
of small farms (less than $100,000 annu: 
sales) would fall from 60 to 50 per cent. 

Some have questioned this predictior 
Dr Wiliam Brown, chairman of th 
National Academy of Sciences' Board o 
Agriculture, believes that the rate « 
disappearance of small farms is exaj 
gerated in the report. 

The report is timely: Congress is in th 
process of considering the administr: 
tion’s proposed agriculture researc 
budget for the coming fiscal year. R« 
search and development in the Depar 
ment. of Agriculture would (in doll: 
terms) be hit harder under the propose 
budget than almost any other departmen 
however, the reductions are concentrate 
in the extension services and in pr 
grammes targeted to loca] problem 
which the administration has long hel 
should be paid for by local and State go' 
ernments. Competitive grants in the agr 
cultural research service — which addres 
es long-term research — are protecte 
Congress has previously resisted attemp 
to cut local agricultural applied researcl 
and the House of Representatives' sul 
committee dealing with appropriations ft 
agriculture last week made clear its coi 
cern about the extent of proposed redu 
tions: some programmes would take cu 
of 60 per cent, others would disappe: 
completely. But with the Gramm 
Rudman deficit reduction act in place, : 
bets are off over how Congress will act. 

Tim Beardsli 


"Technology, public policy and the changing structu 
of American agriculture. Office of Technology Asses 
ment, 1986. 
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Soviet education 


Helping towards 
better careers 


Tur Soviet Union has introduced new 
rules for admission to higher education, 
designed to make university training more 
job-orientated. Instead of students being 
assessed simply on the sum of marks 
gained in their entrance examinations, an 
additional set of marks will also be award- 
ed on the basis of interviews. The inter- 
view panel will assess each applicant's 
chances of success in his or her proposed 
field of study, and will provide guidance as 
to career choice. Commenting on the new 
procedures, the Moscow daily Pravda 


noted that they will give a clear advantage : 


to young people who have begun to pre- 
pare themselves for their future profes- 
sion while still attending secondary 
school. 

The new admission rules are thus a con- 
tinuation of the policy, introduced in the 
peneral education sector two years ago, of 
making study more closely related to 
future work. 

In practical terms, the new rules will 
reduce the work-load on the entrants. 
Instead of having to offer four subjects, 
they will now only have to offer three: 
Russian language and literature (non- 
Russians may offer their native language if 
.that is to be their language of tuition), а 
choice of mathematics, biology or social 
science (according to the student's chosen 
field) and the subject that the student 
eventually hopes to pursue. 

Furthermore, it will be easier for would- 
be entrants to make applications to more 
than one university or institute. Until 
now, except for a handful of elite Moscow 
institutions, which held their entrance 
examinations in July, all examinations 
took place during August. As the Soviet 
Union has no national clearing-house 
system, this meant, effectively, that stu- 
dents keen to secure a place would aim at 
an institution rumoured to be easy on 
admissions. (This was particularly true of 
young men wanting to defer military 
service until after graduation). As a result 
many of the more cautious applicants set 
their sights rather lower than was nec- 
essary. 

Now, according to Pravda, all higher 
education establishments in Moscow city, 
Moscow oblast' and Leningrad will, ^as an 
experiment", hold their entrance examin- 
ations in July. This move, Pravda pointed 
out sententiously, *will allow those who 
did not pass the entrance examinations to 
one of the Central higher educational 
institutions to apply their efforts to gain 
entrance to a higher educational institu- 
tion in some other town". 

Vera Rich 








NEWS 
Environmental pollution 
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US suit charges cancer causation 


Washington 

In what may become a landmark personal 
injury case, the families of seven child- 
hood cancer victims from Woburn, Mas- 
Sachusetts, are suing two large US cor- 
porations said to be responsible for the 
illnesses by polluting the local drinking 
water. Some 40 expert witnesses have 
been lined up by both sides to argue 
whether an excess of acute lymphocytic 
leukaemia and other conditions in east 
Woburn could be due to halogenated hyd- 
rocarbons that were found in two polluted 
wells in 1979. 

The case is one of the first in which it has 
been claimed that specific chemicals in 
drinking water caused specific illnesses. 
The wells, whose water mainly supplied 
east Woburn, tapped a different aquifer 
from Woburn's other wells. They were 
first used in 1967 and were closed in 1979 
when trichloroethylene and tetrachloro- 
ethylene were found in the water at 200 
parts per billion (10°) and 20 parts per 
billion respectively; other pollutants includ- 
ed (1,1,1)-trichloroethane, (1,2)-trans di- 
chloroethylene and chloroform. The plain- 
tiffs claim that the chemicals came from 
dumping or accidental spills at nearby 
plants owned by W.P. Grace and Com- 
pany and Beatrice Foods. A third com- 
pany, Unifirst, a dry-cleaning company, 
has already settled for $1 million. 

A local clergyman apparently first drew 
attention to a suspected leukaemia cluster 
in east Woburn, and the town's high in- 
cidence compared to national rates was 
subsequently confirmed in a study by the 
Massachusetts department of health. 
Nineteen cases were found where only six 
would have been expected; and renal 
cancer was also significantly elevated. The 
department concluded, however, that the 
"hypothesis suggesting that the increase in 
leukaemia incidence was associated with 
environmental hazards in Woburn . . . is 
neither supported nor refuted by the study 
findings". 

But a more recent study by S.W. 
Lagakos, B.J. Wessen and M. Zelen of 
Harvard School of Public Health and 
Dana-Farber Cancer Institute does find a 
positive statistical association between ac- 
cess to water from the polluted wells and 
childhood leukaemia, as well as perinatal 
deaths and some congenital abnormalities. 
This study, in press with the Journal of the 
American Statistical Association, does not 
compare incidences in Woburn with those 
elsewhere, but establishes that within 
Woburn the diseases are found predomin- 
antly among those who drank more of the 
polluted water. 

One of the pollutants, trichloroethane, 
is said recently to have been shown to 
cause leukaemia in rats. But a major 








weakness in the plaintiffs casc is that 
nothing is known about the nature and 
degree of pollution of the wells at any time 
other than 1979, when they were im- 
mediately closed. The known carcinogens 
that were then in the water supply were 
present in far lower concentrations than 
have been shown to cause cancers in 
laboratory animals and in human occupa- 
tional health studies. But it is argued that 
the fetus may be more susceptible to carci- 
nogens than the adult, and that plaintiffs 
are basing much of their case on recent 
immunological tests indicating abnormali- 
ties in the blood of the plaintiffs’ families. 

The trial, which is in its third week, 15 
expected to last for several months. First it 
will be decided whether the defendants 
contributed to groundwater contamina- 
tion; medical questions will be examined 
only if the answer to the first question is 
yes. Beatrice Foods is refusing to com- 
ment on detailed aspects of the litigation. 
although it is pointed out that the accusa- 
tion is that the company allowed pollution 
of ground it owns adjacent to its plant 
W.P. Grace says that íts plant. which 
manufactures stainless steel food proces- 
sing equipment, may have leaked small 
quantities of cleaning agents and degreas- 
ers onto its own property. but that inves- 
tigations (including drilling 50 test wells) 
had shown this would not have found its 
way into the wells. Tim Beardsley 


Europe's optical 
telescope for 1990 





STL just a model, this is the 16-metre 
optical telescope, the “Very Large Tele- 
scope", planned for the European South- 
ern Observatory (ESO) in Chile. ESO 
technical committees are now meeting to 
establish exact specifications for the new 
instrument with the aim of presenting 
plans for a DM 300 million project to ESO 
member countries in time for work to start 
in 1987. The VLT is to be sited at an alti- 
tude of 2,400m, and the human figures in 
the above photograph put its size into 
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perspective. 2% 
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CORRESPONDENCE 


Sakharov’s ache Gent: 


бік--Егпеве В: Gliner’s letter “Another 
reason for saving Sakharov” (Nature 318, 
513; 1985) notes only his work on gravita- 
tion. His major contributions in particle 
physics, fusion research and cosmology’ 
provide additional evidence that Sakhar- 
ov’s scientific contributions will be re- 
membered, like those of Galileo, long af- 
ter the names of those who persecuted him 
are forgotten. Perhaps the néw Soviet 
leaders will note that their grandchildren 
may study the work of this great Russian 
physicist arid wonder about the role of 
their grandfathers in his persecution. 

In 1950 Sakharov proposed.a solution to 
fusiori s major problem: how to contain 
the reaction at its enormously high 
temperatures where no known materials 
can survive. Sakharov’s, “magnetic bot- 
tle", called the *tokomak" (ref. 1, p.49), 
which uses magnetic forces to contain the 
hot fusion fire, is currently the front-line 
approach to fusion reactors and may go 
down in history as man's answer to the 
energy crisis. 

Sakharov's twa remarkable 1966 papers 
on particle physics were far ahead of their 
time. Sakharov and Ya. B. Zeldovich (ref. 
1, p.271; ref..2) obtained relations be- 
tween masses of different known particles 
in surprising agreement with experiment 
by assuming the new quark theory of mat- 
ter which built all these particles from the 
same three basic building blocks arranged 
in different combinations, and held them 
together by forces which, although un- 
known, were always the same in different 
particles. Sakharov’s work was ignored 
because the physics establishment did not 
take quarks seriously at that time. 

Even more remarkable was Sakharov's 
resolution in 1966 of the apparent contra- 
diction between the “big bang" theory of 
the origin of the Universe and the failure 
of astrophysical observations to reveal any 
trace of antimatter in the Universe. In his 
theory, the antimatter created in equal 
amounts with matter in the big bang de- 
cayed more rapidly than matter, leaving 
the observed excess matter. Sakharov de- 
monstrated (ref. 1, pp.147, 151) three 
necessary conditions for this mechanism: 
(1) the recently discovered CP violation 
asymmetry between the interactions. of 
particles and antiparticles; (2) a departure 
from thermal equilibrium; (3) violation of 
the Iaw of baryon number conservation. 
This required the proton to be unstable 
and to decay into electrons and mesons, 
but so slowly that proton decay would not 
have been detected in any experiments. 

His theory was not accepted because of 
a number of assumptions ridiculed as 
crazy at the time: (1) the existence of new 
very heavy boson particles; (2) the exist- 
ence of quarks and of new interactions 
between quarks, electrons and these new 








heavy bosons; (3) violation of the sacred 
principle of baryon conservation. 

Today Sakharov’s theory , is the 
accepted view on the antimatter problem, 
his crazy assumptions are now a central 
part of the standard theories, and his three 
conditions are accepted as necessary for 
any cosmological model. Quarks, new 
heavy: bosons which allow protons to 
change into electrons, violation of the law 
of baryon conservation and predictions 
that the proton must decay are all essential 
ingredients of the new “grand unification” 
theories. Many large expensive experi- 
ments are searching for Sakharov's pre- 
dicted proton decay. 

Even in his isolation in Gorki he has 
managed to continue the development of 
his 1966 ideas into new work on the quark 
theory of matter’ and the cosmology of the 
early Universe*. His continual hopes for 
freedom in the Soviet Union and an end to 
the nuclear arms race seem like wild 
dreams. But we can all hope that once 
again Andrei Sakharov is right and only 10 
years ahead of his time, and that the new 
Soviet leaders will allow him to return to 
Moscow with free access to scientific lib- 
raries, institutes and personal contacts so 
that he can pursue his work freely for the 
benefit of all mankind. 

Harry J. Lipkin 
High Energy Physics Division, 
Argonne National Laboratory, 
9700 South Cass Avenue, 
Argonne, Illinios 60439, USA 
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Open house 


Str—In your article “What price free- 
dom?” (Nature 319, 608; 1986), you say 
that “IUPPS is affiliated to a UNESCO 
umbrella organization which advocates an 
academic boycott of South Africa”. This 
point needs to be clarified. The Interna- 
tional Union of Prehistoric and Protohis- 
toric Sciences (IUPPS) is affiliated to the 
International Council for Philosophy and 
Humanistic Studies (CIPSH). CIPSH has 
considered itself bound by UNESCO poli- 
cy and will not give funds either for activi- 
ties taking place in South Africa or to per- 
sons falling under the jurisdiction of South 
Africa. 

CIPSH, however, believes that interna- 
tional congresses should be open to all 
bona fide scholars, irrespective of domi- 
cile, race, religion or belief. This policy 
was set out in an exchange of correspond- 
ence between the secretary-general of 
CIPSH and the secretary-general of 





NATURE VOL. 220 27 МАВСН 1986 


IUPPS in August 1985; specifically i in re- 
sponse to Professor Ucko’ s eriquiry to the 
latter às to the official attitude of ТОРРЅ 
and CIPSH towards the participation of 
persons working in South Africa in the 
activities of IUPPS. Moreover, the 
CIPSH bureau, at its meeting it Istanbul 
about the beginning of December 1985, 

reiterated this CIPSH policy and indicated 
that the organizers of the Southampton 
congress should take.every precaution to 
ensuré the free participation of all in their 
activities. 

Failing such arrangements, the bureau 
resolved, the i organizers of the .congress 
would be ehtitled to cancel the holding of 
the meeting, since it would not be able to 
ensure completely free participation and 
academic freedom. 

In this attitude, then, it does riot seem 
that the policy of CIPSH “advocates an 
academic boycott". Oii tlie contrary, its 
policy towards international congrésses 
seems to square with that of the Interna- 
tional Council of Scientific Unions 
(ICSU): both parties favour the free cir- - 
culation of scientists and an *open house? 
participation in international congresses. 

^ PuiLur V. Tosras 
Department of Anatomy, 
University of the Witwatersrand 
Medical School, 
York Road, Parktown, . 
Johannesburg 21 93, South Africa 





Too many fourth 
states of matter? 


Str—In the short period of time between 
May and October last year, I see that the 
“fourth state of matter” was referred to in 
Nature in two book reviews, one on plas- 
ma physics' and the other on polymers’. 
The same phrase has been used in connec- 
tion with the discovery of озени sym- 
metry. . 

Physicists should realize that if there is 
such a thing as the fourth state of matter, 
there бап be only one of it. Moreover, 
physicists should be aware that in 1940 the 
attribution was used to describe the super- 
fluidity of helium-3 (refs 5, 6). But the 
phrase has also been used to describe 
other kinds of superfluidity such as in the 
superconducting state of electrons’. 

Is there a danger that this practice will 
get out of hand? 

J.M. GOLDSCHVARTZ 
Clavecimbellaan 273, 
2287 VK Rijswijk zh, 
The Netherlands 
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New ways with crystal 
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Computer simulations of the aggregation process are fashionable because the problems are 
complicated. But mathematics still has a place. 


Тнат crystal growth is a complicatea pro- 
cess requires no formal proof: how, other- 
wise, runs the conventional argument, 
would snowflakes have such a shape? One 
consequence of considerations such as 
these is the wealth of numerical simu- 
lations which there have been, in the past 
few years, of how elementary particulates 
may be added to the surface of a growing 
aggregate by diffusion from the exterior. 
This fashion is a reaction to earlier dis- 
appointments, and particularly to the 
recognition that earlier macroscopic 
models of the growth of aggregates, which 
distinguished between the various pos- 
itions on an extending surface only by 
their macroscopic properties and es- 
pecially their curvature, have given only 
poor accounts of what really happens. So 
it may be a salutory lesson for all con- 
cerned that there should now have ap- 
peared an analytical calculation of the 
changing shape of a surface growing by 
aggregation; people who have been learn- 
ing how to program increasingly compli- 
cated computer machinery may yet find 
themselves mugging up on differential 
equations again. 

To be fair, the question that has arisen is 
only part of the whole complicated prob- 
lem, and may be put like this. In the 
earliest stages of the growth of a crystal or 
other aggregate, chance adhesion will be 
the rule, so that small particles will tend to 
be rough particles. Given time to reach 
equilibrium, of course, the roughnesses will 
become smooth as particles in exceptional 
positions find less energetically exposed 
sites at which to settle down, but there 
will also be circumstances in which a sur- 
face growing at a modest rate will become 
smoother in the course of time as added 
particles find their way preferentially to 
the gaps left in the growing surface. To 
account for the irregularity of snowflakes, 
either microscopically (by numerical 
simulation) or macroscopically (by allow- 
ing for the extra energy of elements added 
at places where the curvature is great 
using the language of surface tension), 
boils down to supposing that the circum- 
stances are dynamic, not static. The rapid- 
ly growing tip of a snowflake crystal is, 
because of its geometry, exposed to a 
greater volume of the environment from 
which further elements may be accreted 
than would be a re-entrant part of the 
snowflake surface, while the speed with 
which newly accreted elements may re- 
adjust their positions is so much less than 





that with which new elements are added 
that aberrations are, so to speak, frozen. 

The new development is surprisingly 
straightforward, and the product of the 
cosmopolitan collaboration of Mehran 
Kardar of Harvard University, Giorgio 
Parisi from the University of Rome and 
Yi-Cheng Zhang from the Brookhaven 
National Laboratory (Phys. Rev. Lett. 56, 
889; 1986). The question they set out to 
answer is that of how a surface accreting 
extra elements will grow in the course of 
time, allowing that the circumstances are 
midway between those which determine 
the behaviour of a growing snowflake, 
where there is no opportunity for newly 
added particles to readjust their positions, 
and those that dominate the macroscopic 
growth of solids which are predisposed 
towards the emergence of globules of one 
form or another. 

The simplest starting point is the as- 
sumption that the normal to a surface will 
determine the direction in which it will 
grow locally. There follows a geometrical 
construction of what happens at the sur- 
face, beginning with the assumption that it 
is possible to measure the distance of the 
surface as a function of time from some 
fixed plane; the distance might, for ex- 
ample, be the height of the surface of a 
growing crystal from the bottom of a 
vessel in which it is allowed to settle. At 
any point, the rate of change of the height 
with time will therefore be determined by 
the rate of growth normal to the surface 
and by the square of the gradient of the 
surface at that point. From this it follows 
naturally and very simply that the rate of 
change with time of height from the refer- 
ence plane is proportional, first, to the 
curvature of the surface at that point and, 
second, to the square ofthe gradient of the 
surface at that same point. The first term is 
that which represents the effect of surface 
tension. The second, which makes the dif- 
ferential equation non-linear, allows for 
lateral growth. For completeness, the 
specification of the problem requires that 
there should be an element of noisiness, 
represented by a third terma, in the 
gaussian function in time and space, 
whose only important property is that its 
average should be zero. 

Mathematicians will quickly observe 
that this non-linear equation describing 
the evolution of an accreting surface can 
be converted into a linear form that of a 
diffusion process. Indeed, in this form the 
equations are similar to those which des- 








:cribe the behaviour of branched polymer 
‘molecules in which the surrounding en- 
vironment discriminates against over- 
extended forms. 

The interest of this formulation of the 
problem of the growth of accreting sur- 
faces is that, in principle, it allows of a 
global view of what may be happening. If 
. the noisiness of the problem is left out of 
account, the equations suggest that a one- 
dimensional growing surface will consist 
of a sequence of parabolic segments 
which, as time goes on, will grow at each 
others’ expense, the larger segments swal- 
lowing the smaller. If the surface is two- 
dimensional, there will be patches on the 
surface which form a comprehensive net- 
work covering the whole which again, 
with the passage of time, allow the larger 
to swallow the smaller. Specifically. for 
one-dimensional surfaces, the size of the 
parabolic segments increases with the 2/3 
power of the time, which is what the nu- 
merical simulations suggest. 

The noisiness of the problem cannot. in 
reality, be ignored, but cannot as easily be 
described in words. But a degree of ran- 
domness turns out to be a phvsical benefit 
in suggesting analogies with what may 
happen in other physical circumstances. 
those of quantum mechanics for example. 
Indeed, the cleverness of this treatment of 
the problem of growing surfaces lies in the 
way it can be transformed from a problem 
in the solution of differential equations to 
one much more familiar in quantum clec- 
trodynamics, that of describing the time- 
evolution of a system by the effect of oper- 
ators on some starting function. 

The result, in the surface problem. is a 
set of simple rules that may describe the 
simplé scaling properties of the problem. 
That such must emerge follows from the 
simple observation that, in the case of a 
one-dimensional surface, a structure 
wbich is made up from a sequence of para- 
bolic segments transforms itself in the 
course of time to another sequence of 
parabolic segments whose average size 
has grown by a factor which is some frac- 
tional power of the time elapsed. The 
authors are quick to point out that their 
model agrees with several of the numeri- 
cal simulations which have been carried 
out in circumstances when comparisons 
are possible. But the importance of this 
novel treatment is as a physical insight into 
the aggregation problem when simulations 
can provide only answers. not under- 
standing. John Maddox 
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Model crystals 
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Penny plain, tuppence coloured 


from Robert W. Cahn 


A FLOURISHING community of theor- 
eticians seeks to clarify processes in crys- 
tals — phase transformations, critical phe- 
nomena, radiation damage, melting and 
vitrification — by simulating them in 
powerful computers. The latest attempts 
to model crystals realistically are reported 
in two papers elsewhere in this issue". 

Physical modelling of crystals began in 
the late 1940s with the two-dimensional 
soap-bubble raft of Bragg, Nye and Lom- 
er. Given the right bubble radius, such 
rafts reproduced well the interatomic 
force law typical for metals, and were used 
to simulate the motion of dislocations 
under shear stress. They were also used to 
model metallic glasses, but for this pur- 
pose, two populations of bubbles of dif- 
ferent radii were essential to inhibit 
*erystallization". Such rafts have been 
well used, notably by Argon‘, to interpret 
mechanical properties of metallic glasses. 

In the 1960s, Bernal produced his 
influential liquid model with monosized 
steel balls kneaded in a football bladder, 
which was later extended to imitate metal- 
lic glass structures. In contrast to the bub- 
ble raft, Bernal's model suffered from the 
fact that the balls were hard and could not 
imitate the 'soft' interatomic force laws 
appropriate for alloys: this inadequacy 
was overcome, both literally and 
metaphorically, by the introduction of 
software to allow relaxation of a Bernal 
model via computer simulation. 

More recently, a new family of ‘macro- 
particulate’ crystals has appeared in the 
form of colloidal crystals’, regular assem- 
blies of equal submicron-sized spheres, 
typically of a polymer or of silica. These 
crystals were not intended as models: their 
study grew from observations of natural 
macroparticulate crystals — the crystal- 
line viruses and opal (which consists of 
regular arrays of monosized amorphous 
silica spheres). The first artificial macro- 
particulate crystals to be made, gem- 
quality opals, were made by gravity- 
induced sedimentation of colloidal silica 
suspensions by Pierre Gilson at his factory 
in northern France! and in commercial 
production since 1974. How these opals 
are stabilized after sedimentation (sinter- 
ing or low-temperature adhesion) is a 
commercial secret. 

The study of silica (and polymeric) 
macroparticulate crystals has accelerated 
rapidly since then (although it is doubtful 
whether many of the physicists concerned 
know of Gilson's early triumph). The use 
of macroparticulate crystal assemblies of 
ceramic microspheres as ‘green’ precur- 
sors for sintering has now been proposed 


and a promising start has been made with 
silica? (as discussed in these columns’). 

One of the papers in this issue! follows 
the colloidal approach to crystal simula- 
tion: Pusey and van Megen used mono- 
sized polymethylmethacrylate spheres, 
0.3 um in diameter and stabilized in sus- 
pension by a thin coating of another poly- 
mer. The organic suspensions were of high 
volume fractions, ranging from 0.39 to 
0.53. After mechanical homogenization, 
each suspension was allowed to settle. In 
the volume fraction range 0.44-0.50, 
polycrystalline structures have bright 
opalescence; suspensions below 0.41 do 
not crystallize at all; whereas in the range 
0.41—0.44, a stable liquid-plus-crystal 
two-phase state forms. But the really 
novel feature occurs in volume fractions 
above 0.50, where the viscous suspension 
remains in a 'glassy' form indefinitely: in 
effect, this is a kinetically metastable ran- 
dom dispersion which is too dense, and 
therefore too immobile, to order. Unlike 
two-dimensional bubble rafts, therefore, 
in three dimensions it is possible to create 
a glass from a population of monosized 
spheres. (Whether this is possible depends 
on the mobility of the units; be they 
macroparticles or atoms, pure metals can- 
not be prevented from crystallizing even 
at cooling rates in excess of 10" K s^.) 
Pusey and van Megen's method could be 
used to make a form of artificial opal if a 
way to stabilize the crystals against acci- 
dental randomization can be found. 

Pusey and van Megen's suspensions dif- 
fer radically from another kind which also 
show unexpected properties: Clark and 
Ackerson'"" demonstrated that very di- 
lute (0.1 per cent) suspensions of highly 
charged polymer spheres can ‘crystallize’ 
into body-centred cubic crystals while re- 
maining suspended, but randomize (melt) 
after vigorous shear deformation 
— an observation which could shed 
light on mechanical instability models of 
melting for ordinary atomic crystals. 

The other paper in this issue, by 
Georges et al.’, exploits bubble rafts to 
simulate, in two dimensions, a microhard- 
ness indentation test. A conical indenter is 
simulated by a suitably shaped (poly)crys- 
talline raft; the test object is a large mono- 
sized polycrystalline raft covered by an 
amorphous ‘coating’ consisting of a mix of 
two bubble sizes. The authors do not ex- 
plain why they chose to test a glass-coated 
crystalline-simulated sample, but in the 
light of some recent tests on real glassy 
wear-resistant coatings, it was a happy 
choice. The simulated coating proves ex- 
tremely resistant to penetration, but its 
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behaviour is intimately affected by 
its crystalline substrate, which undergoes 
a largely elastic deformation. On unload- 
ing, this elastic distortion recovers and 
the form of the indentation recovers 
with it, so much so that the end-result is 
a small mound instead of an indentation. 

This model system with its properties is 
of considerable interest in relation to 
recent work on the use of an ultra- 
microhardness tester, the nanoindenter, 
invented and named by W.C. Oliver”. 
This instrument is extremely sensitive, 
using measurements of the vertical dis- 
placement of the indenter (as small as 20 
nm) to evaluate the residual indentation. 
(Direct measurement of such minute fea- 
tures would require scanning electron 
microscopy.) The instrument allows the 
increase in effective hardness for indents 
less than 100 nm deep to be confirmed and 
interpreted". It was also found that con- 
siderable elastic recovery of the indenta- 
tion takes place, and that this is essentially 
caused by a recovery of the ‘hinterland’ of 
the indentation, just as in the bubble sim- 
ulation. But nanoindentations in real cry- 
stals do not invert and finish up as 
mounds. 

Oliver and his collaborators have also 
studied the nanohardness of coated (ion- 
implanted) metals". Of relevance to the 
present discussion is the behaviour of steel 
ion-implanted with both titanium (Ti) and 
carbon (C). If the concentrations of both 
are sufficient, the coating is very hard and 
wear-resistant. Such Ti/C implants are 
known to be amorphous, and the excellent 
mechanical properties of the layers are 
directly correlated with their vitreous na- 
ture. Georges et al.’ agree with these find- 
ings in the sense that their amorphous 
simulated coating proved impenetrable, 
being always pushed ahead of the moving 
indenter, but disagree in the sense that the 
yield stress they observed for the coating 
was lower than that for the crystalline sub- 
strate. Amorphous Ti/C coatings are 
stronger, harder and more wear-resistant 
than the underlying steel. o 
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Somatic mutation 
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Do plants evolve differently? 


from William J. Sutherland and Andrew R. Watkinson 


Ir has recently been stressed that single 
plants may consist of a mosaic of geneti- 
cally different parts'”. If this is true, then 
the usual explanations for the operation of 
natural selection on animals may be in- 
sufficient to account for the process of 
genetic change in many plant populations. 
The relative importance of somatic and 
gametic mutations in plants cannot be 
assessed until the necessary measure- 
ments are made. But it is clear that soma- 
tic mutation could be important in many 
plant species. 

Modern genetics is based on 
Weissmann’s’ distinction between the cell 
line and the germ line. Mutations within 
cells may be expressed but are not passed 
on to further generations; mutations in the 
germ line are both expressed and trans- 
mitted to descendents. In Weissmann's 
theory, changes in the germ line are the 
sole means of evolutionary change. But 
Weissmann was a zoologist and applied 
his fundamental principle only to animals. 
In plants there is no distinction between 
the germ line and the soma. Growth 
occurs through the iteration of structural 
units (modular growth) by one or (usual- 
ly) many growing points; as a consequence 
a mutation in a meristem may be express- 
ed in subsequent growth and will then be 
contained in the pollen or ova. Thus, in 
plants (and some colonial animals) there is 
the possibility of genetic variation within 
an individual and, as a consequence, 
variation in fitness between modules. 

There have been few attempts to mea- 
sure genetic variability within plants, 
although there are indications that it may 
be a widespread phenomenon. Chimaera 
are common in two species of fern, Mat- 
tuccia struthiopteris and Onoclea sensi- 
bilis*; 10 out of 56 of the former and 16 
out of37 of the latter possess mutants. The 
rates of these mutations are high, with 
0.0177 and 0.0341 mutations, respect- 
ively, per apical cell per generation. In 
the herbaceous perennial spring beauty 
(Claytonia virginica) 68 per cent of the 
population show differences in chromo- 
some number within a plant’; of 8,000 
plant varieties cultivated in Europe in 
1899, 5,000 originated as somatic 
mutations’. 

Once genetic differences exist between 
parts of the same plant there is the oppor- 
tunity for natural selection to modify the 
gene frequencies within an individual by 
the process of differential growth. If the 
parts possessing the mutation grow faster 
the mutation may spread; if the mutation 
prevents successful growth then it will be 
eliminated — anyone possessing an 


ornamental plant with variegated leaves 
knows that it is essential to remove bran- 
ches containing normal unvariegated 
leaves which grow more quickly and 
would eventually dominate the plant. 

The importance of differential growth is 
also shown in the case of the white clover 
(Trifolium repens) in north Wales. There 
is considerable genetic diversity within 
populations’ and the growth rate of dif- 
ferent genotypes depends on the sur- 
rounding vegetation®. Those genotypes 
that grow with the grass Holcus lanatus 
produce more ramets when cultivated 
among H. lanatus than when placed 
among other grasses; other genotypes re- 
spond similarly to other species. Thus, the 
abundance and distribution of different 
genotypes is determined by differential 
growth. 

In principle it is clear that evoultionary 
change in a population may originate from 
somatic mutations. It is essential that 
somatic mutations should be inherited 
both sexually and asexually and also that 
there is differential growth of different 
genotypes within the same plant. But the 
importance of somatic mutations is in dis- 
pute. Some argue’ that the role of somatic 
mutations is trivial, although the model on 
which this assertion is based does not take 
differential growth into account. A later 
model" supports the notion that somatic 
mutations will produce enough variability 
to prevent pathogens and herbivores from 
adapting to all branches on individual host 
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trees. This model also shows that somatic 
mutation may be an important source of 
variation within trees and tree popula- 
tions. It seems likely that this mechanism 
is unimportant for species with relatively 
few meristems (such as peas and maize) 
but more important for long-lived and ex- 
tensive species. Thus, individual clones of 
the aspen (Populus tremuloides) can cover 
200 acres, be comprised of 47,000 trees 
and may date back to the Pleistocene” — 
it would be incredible if each of these 
clones was genetically homogeneous. 
Although trees provide obvious exam- 
ples of large, long-lived species, somatic 
mutation and differential growth could 
also be important in stoloniferous and rhi- 
zomatous plants. Most trees are restricted 
by a unified architecture that limits the 
potential for differential growth of bran- 
ches, whereas in stoloniferous species 
(such as clover and creeping buttercup) 
the individual plant fragments as it grows, 
thus allowing a favourable mutant to 
spread rapidly. 0 
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Bears versus beetles 


from Peter D. Moore 


THE INTERNATIONAL Geological Correla- 
tion Programme recently stated the view 
that there were two separate warm 
periods during the last (Ipswichian) in- 
terglacial period, and that they can be de- 
fined on the basis of their mammalian 
fauna’. The final (Devensian) glaciation is 
generally believed to have reached its 
maximum geographical extent 18,000 
years ago (18,000 вр) and by 14,000 years 
ago Britain was essentially deglaciated. 
But there are many problems in elucidat- 
ing the climatic sequence of the previous 
200,000 years. 

Fossil mammalian bones are an impor- 
tant source of evidence in Quaternary 
palaeoecology, but their use in climatic 
reconstruction raises some problems. 
Such material can be identified with con- 


siderable accuracy but compared with 
other types of fossil evidence, such as pol- 
len, diatoms and beetles, mammalian 
bones are rare. This means that sufficient- 
ly large populations of bones to allow sta- 
tistical analysis at any site are infrequent, 
whereas smaller and more abundant fos- 
sils, such as pollen grains, lend themselves 
to this approach. Climatic conclusions 
from mammalian fossils are also compli- 
cated by the relatively large range of toler- 
ance of mammals compared with cold- 
blooded invertebrates. Thus, one can 
argue that beetles are better climatic indi- 
cators than bears. But some aspects of 
climatic reconstruction in the late Quater- 
nary are now under debate as a result of 
finds of mammals bones in Britian. 

Until recently it was thought that the 





306 


Ipswichian was the only interglacial dur- 
ing the 200,000 years preceding the De- 
vensian, but there are increasing difficul- 
ties in reconciling the evidence from va- 
rious sites presumed to be of this age’. 
Fossil assemblages in Britain at sites such 
as Bobbitshole, Suffolk and Trafalgar 
Square, London! contained a typically 
warm climate fauna, including hippopota- 
mus, and lacked any steppic species, such 
as horse. 

At other British sites, such as Mars- 
worth, Buckingham and Stanton Har- 
court, Oxford, deposits with a similar pol- 
len spectrum and therefore assumed to be 
Ipswichian yield fossils such as mammoth 
and horse, indicative of colder conditions. 
There is evidence that these mammoth- 
bearing strata are separated from those 
containing warm, hippopotamus fauna 
by a very cold intervening phase. The 
mammoth/horse episode is the earlier of 
the two and can be correlated with oxygen 
isotope stage 7. The hippopotamus event 
has been dated by uranium and and thor- 
ium isotopes to between 135,000 and 
114,000 вр at Victoria cave in Yorkshire’, 
which corresponds to oxygen isotope sub- 
stage 5e. 

Precisely what happened between the 
time when hippopotami were wallowing in 
the British wetlands and the intense gla- 
ciation of 18,000 years ago is still uncer- 
tairi. There is evidence of a warm climate 
about 60,000 years ago at Chelford, 
Cheshire, when pine, birch and spruce 
were the major dominants of the pollen 
flora. But the radiocarbon dating of this 
site is not entirely satisfactory as it extends 
beyond the timescale in which the method 
is reliable. 

Pollen data showing the increasing cold 
nature of the flora following the Ips- 
wichian Interglacial are available from 
a site at Wing, Leicester', and a marine 
pollen sequence has been produced 
from Fjgsanger Fjord in western Norway". 
The latter site shows an abrupt decline 
in forest vegetation and a spread of grass- 
land as the last glacial episode began. 

Further evidence concerning the early 
part of the last glacial has now been 
obtained from another cave deposit in 
Yorkshire, only 23 km away from the Vic- 
toria cave site. The Stump Cross cave’ has 
been found to contain bone remains of 
wolf, reindeer and wolverine, which con- 
stitute a distinctly tundra or boreal mam- 
mal assemblage. In many respects the 
assemblage resembles that found in the 
mammoth-bone houses of the Ukraine", 
dating from the end of the last glaciation, 
although no mammoth bones are found at 
Stump Cross. The Stump Cross bones are 
associated with calcite deposits that have 
been subjected to — uranium-series 
radiometric dating and provide dates 
ranging between 84,000 and 81,000 вр 
which, if taken at their face value, places 
the bone collection in the younger part of 
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oxygen isotope stage 5, between the hip- 
popotamus fauna of Victoria cave and the 
spruce forest of the Chelford Interstadial. 

There must have been a considerable 
fall in temperature between 120,000 and 
85,000 вр to account for this change of 
fauna, but closer interpretation in climatic 
terms is not simple. The three major anim- 
al species were probably inter-related as 
predators and prey, the wolf and the wol- 
verine preying on reindeer. But damage to 
the bones by splintering and chewing sug- 
gest that the bone hordes were accumu- 
lated by wolverines that also preyed on 
wolves and even on one another. The 
physical and biological setting of this 
drama is difficult to reconstruct precisely 
because wolverines and the other species 
represented are found not only in open 
tundra areas, but also in the coniferous 
forest (taiga) zone. So, on the basis of 
evidence from mammalian bones, it is still 
not possible to determine whether the ear- 
liest phase of the Devensian was colder 
than the conditions in the Chelford Inters- 
tadial. It does not provide an answerto the 
origin of the till underlying the Chelford 
deposits, which may belong to an earlier 
glaciation". Climatic deterioration since 
the day of the hippopotamus had clearly 
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been substantial, but was it sufficient to 

result in a pre-Chelford glaciation in the 

British Devensian? 

The story has now become even more 
complicated by a report earlier this month 
from Bacon Hole, Wales? of sediments 
dated at 81,000 вр that contain a clearly 
warmth-demanding fauna including 
straight-tusked elephant — (Palaeolox- 
odon), rhino (Dicerorhinus) and hyaena 
(Crocuta). This will certainly cast the 
interglacial cats among the periglacial 
pigeons. Perhaps the beetles will still 
havethe last word. o 
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Igneous petrology 


Archaean mantle models 


from E.G. Nisbet 


One of the chief interests of igneous pet- 
rology lies in establishing the nature and 
the history of the Earth's mantle, the 
region below the differentiated crust and 
above the central core. We know very 
little about its composition and structure, 
how the continents become differentiated 
from it and how it has evolved thermally. 
In the past few years new data have allow- 
ed petrologists to produce an exotic array 
of speculative models of the state of the 
mantle in Archaean time (before 2.5 x 10° 
years ago). Many of these models are 
based on inferences drawn from komati- 
ites (magnesian lavas that erupted at tem- 
peratures up to 1,650*C). Recently, Herz- 
berg and O'Hara! and Walker’ have used 
experimenta] data on the melting behav- 
iour of natural samples to suggest that the 
upper mantle (shallower than about 670 
km) hasa very unlikely composition which 
is best explained if it originated as a melt, 
leaving the lower mantle as residue. 
Recent experimental мог” on ‘fertile’ 
nodules from great depths in South Afri- 
can diamond pipes?" shows that the solidus 
and liquidus temperatures (the temp- 
eratures at onset and completion of melt- 
ing) converge at pressures of 100—150 
kbar (equivalent to depths of 300—450 
km). If the fertile nodules are represent- 
ative of mantle composition, then the 


close approach of solidus and liquidus has 
major implications. Walker’ has shown 
that such an approach to convergence is 
most improbable if the upper mantle is a 
random aggregate of crystals collected 
during accretion or as a residue from melt- 
ing. More likely is that the upper mantle 
samples show convergence of solidus and 
liquidus because they were themselves 
once liquid compositions produced by 
high-pressure congruent crystal-liquid 
interaction. If the samples are indeed rep- 
resentative of the upper mantle, the impli- 
cation is that the upper mantle was itself a 
melt, derived either by the accumulation 
of melts from the lower mantle, as sug- 
gested by Herzberg and O'Hara', or from 
a vast globe-encircling magma ocean‘. 
How definite are these conclusions? 
There are, of course, experimental un- 
certainties: errors in the measurement of 
temperature are probably fairly large, but 
not large enough to undermine the con- 
vergence of solidus and liquidus. More 
important is how representative the 
nodule samples are of the upper mantle. 
Diamonds are known to be very old, and 
have been held in the cool continental 
lithosphere for up to 3 x 10? years at 
depths of about 150 km. Possibly the fer- 
tile nodules were kept there with the dia- 
monds, and may thus represent liquids 
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that ascended and were trapped by being 
frozen into the base of the continents in 
mid-Archaean time, since being reworked 
by metasomatism and the accidents of 
eruption. If so, the nodules may not be 
particularly good guides to bulk mantle 
compositions. 

There are other lines of evidence that 
help to elucidate the nature of the upper 
mantle. Komatiites erupted in many loca- 
tions on the Earth's surface in Archaean 
time, and must have been derived from a 
mantle source. It is possible that they 
come from a source similar to the fertile 
nodules, and it has also been suggested’ 
that they were produced by very small 
degrees of partial melt of material similar 
to the nodules, at pressures in excess of 
70 kbar. But, the near-chondritic compo- 
sition of the trace elements in the lavas 
suggest instead that they originated as 
fairly high degrees of meit of a mantle 
parent. One possible model of the early 
Archaean mantle? is based on the predic- 
tion that at great depth komatiite liquids 
are denser than the coexisting olivine. If 
this is the case, it is possible that large 
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Model of the possible structure of the Archaean 
mantle. All depths very poorly constrained. 
Blobs, rising melt; рі, density of liquid; pe, 
density of crystals; Some blobs erupt as 
komatiite or derived liquids with varying 
degrees of contamination, others are trapped 
and frozen into the continental lithosphere. 


laterally linked magma accumulations 
(LLLAMAs) existed in the Archaean 
Earth, trapped by chemistry and density 
as a magma ocean whose top surface was 
at a depth of about 250—300 km (depend- 
ing on the level of the supposed density 
crossover). Such a magma ocean would 
act as a source for komatiitic liquids. 

Isotope evidence also provides an 
interesting picture of the Archaean upper 
mantle. The mafic lava sequences typi- 
cally seem to have come from sources 
which had positive &y values, something 
that is normally thought to imply that the 
source region had previously undergone 
extraction of a magma enriched in incom- 
patible elements. Arndt (personal com- 
munication) has pointed out that a magma 
Ocean source would probably be little de- 
pleted and thus is an implausible direct 
source of the parent liquid for Archaean 
mafic lavas. Furthermore, there is con- 
siderable variation in the compositions of 
komatiites, which is difficult to reconcile 
with the notion that they all have a com- 
mon source. 

Very little is yet known about the com- 
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position of the early upper mantle. If the 
experimental data from nodules is indeed 
a good guide, then the mantle may have 
been extensively molten or perhaps a 
serial accumulation of melts. But the 
nodules may not be representative. Simi- 
larly, the komatiites may imply the pre- 
sence of a magma ocean, but is this con- 
sistent with their chemical variation and 
the isotopic evidence for a depleted 
source? 

A speculative reconstruction is shown 
in the figure: possibly the mantle was 
stratified, with a depleted light layer! over 
a magma ocean. Komatiites may have 


been derived in various ways from the 
ocean or from the depleted layer. or could 
have been isotopically and chemically 
contaminated on ascent. ri 
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Tropical plant ecophysiology 


Research in South-East Asia 


from Barry Osmond 


Номам activities in the tropics are ге- 
sponsible for large-scale and rapid ecol- 
ogical changes. In South-East Asia the 
clearing of forests threatens to eliminate 
or seriously reduce the populations of 
many commercially and scientifically 
valuable plant species within the next two 
decades. These threatened species must 
be maintained in managed ecosystems 
which contribute to the economic well- 
being of the region, and not solely in re- 
serves dedicated to the conservation of 
genetic resources. Whole new ecological 
systems, based on agroforestry and mixed 
cropping, are being constructed (Tor- 
quebiau, E.F. Agroforestry Systems 2, 
103; 1984). All of these activities are tak- 
ing place in a near-vacuum so far as under- 
standing of the functional relationships 
within tropical plant communities is con- 
cerned. A recent international conference 
in Bogor, Indonesia* focused on the needs 
and opportunities for plant ecophysio- 
logical research in South-East Asia, and 
established a regional network of ecol- 
ogists, agronomists and foresters to prom- 
ote these studies. 

Two main themes emerged. First, the 
understanding of temporary environmen- 
tal change and the biological response to 
this change in tree seedlings following gap 
formation is primarily relevant to forest 
management (A. Mohammed, Forest Re- 
search Institute, Kepong). Second, under- 
standing the problems of plant stress phy- 
siology in permanently changed, often de- 
graded, grassland and cultivated land is 
relevant to the productivity of indigenous 
and introduced crops, most of which per- 
form poorly under tropical conditions (F. 
Muhadjir, Research Institute for Food 
Crops, Bogor). 

Many of the foundations of tropical 
*SEAMEO-BIOTROP South-East Asian Regional Center for 
Tropical Botany, 4 - 6 December 1985, supported by IDRC. 
Canada; ICSU International Biosciences Networks; and 


UNESCO, and organized by Dr Wongchan Wongkaew, 
Botany Department, Kasetsart University, Bangken Bangkok. 











plant ecophysiology were laid in South- 
East Asia by early botanical explorers 
such as Schimper in the late nineteenth 
century, and by pioneering experimental- 
ists like Stocker who worked in the Bogor 
botanical gardens in the 1920s. Unlike the 
American tropics, investigation of plant 
biology in South-East Asia was in the 
hands of botanists, rather than naturalists, 
and there is now a large body of ecological 
data for the region (for example, Whut- 
more, T.C. Tropical Rainforests of the Far 
East 2nd edn; Clarendon, Oxford. 1984). 
However, the rate of exploitation has far 
outstripped our understanding of func- 
tional relationships in tropical vegetation, 
all of which is summarized in one slim 
volume (Medina, E., Mooney. H A. & 
Vazquez-Yanes, C. (eds) Physiological 
Ecology of Plants of the Wet Tropics Junk, 
The Hague, 1984). Our ignorance of 
vegetation dynamics and the principles of 
plant/environment interactions in tropical 
systems has led to coexistence of contra- 
dictory theory and practice — to manage- 
ment based on faith rather than fact. 
Many tropical plant biologists now be- 
lieve that understanding of forest systems 
hinges on vegetation responses to gap for- 
mation, called patch dynamics (Watt. 
A.S. J. Ecol. 35, 1; 1947). It is now known 
that leaves of trees grown in the shade 
possess an astonishing ability to use light 
flecks of 30-60 seconds’ duration which 
depends both on prior light experience 
and on significant post-illumination CO. 
fixation. These induction and capacitance 
components of light-fleck use (R.W. 
Pearcy, University of California at Davis) 
are drastically modified during the sus- 
tained increase of light which follows gap 
formation. It was previously thought that 
plants of deeply shaded habitats were ex- 
cluded from open habitats by photo- 
destruction of the photosynthetic appar- 
atus (photoinhibition), and their inability 
to acclimatize to high light. However, it 
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now seems that tree seedlings on the forest 
floor, and understorey shade plants such 
as Alocasia, persist in bright light by main- 
taining a dynamic compromise between 
limited acclimation and chronic photo- 
inhibition. 

New, simplified techniques, which 
bring the diagnosis of photosynthetic 
acclimation and photoinhibition within 
easy reach, will permit ecophysiological 
analyses of these factors in vegetation 
dynamics. For example, disk O, elec- 
trodes originally developed for studies of 
photosynthetic induction at the Research 
Institute for Photosynthesis, University of 
Sheffield, have been adapted to measure 
quantum yield and room-temperature 
fluorescence (Walker, D.A. & Osmond, 
C.B. Proc. R. Soc. B, in the press). In 
training courses before the conference, 
the electrodes were applied to assess the 
lack of acclimation and extent of photoin- 
hibition in ratan, an important forest pro- 
duct of South-East Asia which is very 
fastidious with regard to light. The same 
system has been used to probe the light 
responses of photosynthesis in tropical 
forest epiphytes, which may have a role in 
branch fall and gap formation. Many of 
these epiphytes carry out CO, fixation via 
crassulacean acid metabolism (more com- 
monly associated with succulent plants in 
high-light, desert habitats), which, with 
intrinsically high quantum yields, appears 
to confer photosynthetic advantages 
under conditions of low light and high 
temperature (Winter, K., Osmond, C.B. 
& Hubick, K.T. Oecologia 68, 224; 1986). 

Integration of these insights into the 
performance of tropical plants with key 
ecological observations, such as leaf 
phenology pattern (R. Corletts, National 
University of Singapore) will help to de- 
fine the productive structure of natural, 
disturbed and managed forest systems. 
The same ecophysiological approaches 
are needed to understand the role of en- 
vironmental stresses, such as high temper- 
ature, inadequate nutrition and water, in 
limiting the productivity of agriculture of 
cleared land in the tropics. Even crops of 
tropical origin, such as maize and sor- 
ghum, perform poorly compared with 
temperate regions, whereas their wild 
counterparts such as Imperata are very 
agpressive. It is increasingly clear, for 
example, that high light intensities exag- 
gerate the effect of stress on the photo- 
synthetic apparatus. The light-avoiding 
movements of leaves of the tropical 
legume Siratro, which mitigate water and 
high temperature stress (Ludlow, M.M. & 
Björkman, O. Planta 161, 508; 1984), is 
but one example of the ecophysiological 
insights that could provide a guideline for 
improvement of indigenous and intro- 
duced crops in the tropics. о 
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Creationism 


On the tracks of men and money 


from Tony Thulborn 


IN their attempts to discredit the theory of 
evolution, creationists have made one 
claim that captures the public's imagin- 
ation like no other — the claim that hu- 
mans coexisted with dinosaurs. The evi- 
dence for this notion is said to reside in the- 
Cretaceous limestones (about 120 million 
years old) of the Paluxy River, Texas, 
where markings alleged to be human foot- 
prints are preserved alongside the tracks 
of dinosaurs. These dubious ‘man-tracks’ 
figure prominently in creationist literature 
and have even been featured in several 
films, including the widely distributed 
Footprints in Stone. There is no doubt that 
the tale of the man-tracks is one of the 
most popular draw-cards held by the 
creationists. Consequently it is surprising 
to learn that the tale has now been publicly 
renounced by а leading American 
creationist. 

On 7 January, John D. Morris, author 
of a standard creationist text on the man- 
tracks (Tracking those Incredible Dino- 
saurs and the People who Knew Them 
CLP, San Diego, 1980) made a startling 
confession: in a lecture at the University 
of New South Wales, he admitted that he 
could find no scientifically acceptable evi- 
dence of human tracks in the Paluxy lime- 
stones and agreed that it would be improp- 
er for creationists to continue citing man- 
tracks as evidence against evolution. Mor- 
ris repeated his conclusions in a leaflet 
published by the Institute for Creation 
Research (Impact 151, 1; 1986) and has 
also announced that Footprints in Stone 
will be withdrawn. 

These welcome retractions came during 
the course of the 1986 Creation Science 
Summer Institute, a creationist sympo- 
sium organized by Australia’s Creation 
Science Foundation (CSF). Why did Mor- 
ris change his mind? Apparently many of 
the man-tracks in the Paluxy River have 
now been weathered to such a degree that 
their true nature is becoming embarras- 
singly obvious: the vaguely elliptical 
markings heralded as human footprints 
have gradually weathered into the unmis- 
takable outlines of three-toed dinosaur 
tracks. In the course of his lecture Morris 
expressed astonishment that the clarity of 
fossil footprints could improve, rather 
than deteriorate, as a consequence of 
natural.weathering. This process is well 
known by professional palaeontologists 
but was unfamiliar to Morris, who sus- 
pected that fanatical anti-creationists bad 
been defacing the evidence. 

Morris chose to make his retraction at a 
crucial moment in the history of Austra- 
lia's creationist movement. His forthright 











confession may go some way towards res- 
toring the public image of CSF, which has 
suffered an onslaught of damaging critic- 
ism in past weeks. The most destructive 
criticisms appeared in a book (Creation- 
ism, an Australian Perspective Australian 
Skeptics, Melbourne, 1986) that was pub- 
lished only 72 hours before CSF began its 
summer institute. The editors of the book, 
Martin Bridgstock (Griffith University) 
and Ken Smith (Queensland University), 
present a series of short essays explaining 
the scientific and intellectual bankruptcy 
of CSF's arguments. More unusually, they 
also delve into the organization's financial 


‘dealings, based on a search of the Corpo- 


rate Affairs Office in Brisbane. 

The financial statements of CSF for the 
years 1983-84 and 1984—85 contain some | 
intriguing facts and figures. It appears that ` 
CSF disposed of more than $A92,000 
under the heading of an ‘extraordinary 
item’ (sic). CSF still declines to give a 
detailed explanation of where the money 
went. Next, it transpires that CSF does not 
spend much money on scientific research. 
The statement for the year ending 31 
March 1983 lists an outlay on research of 
$A398; in the following year research ex- 
penditure soared to $A860, less than 0.2 
per cent of the organization's half-million 
dollar income. 

Most remarkable of all is the discovery 
that CSF received federal government 
funding to the amount of $424,698 during 
the two-year period. The fact that federal 
funds were delivered to CSF in the form of 
an 'export market development grant' 
raises an interesting question: what does 
the organization intend to export? The 
obvious answer is that it plans to export 
religious materials, which is evident from 
the fact that CSF officially declares its 
principal business to be: "The preaching 
of the Gospel, Christian Education, the 
accumulation and presentation of scien- 
tific evidence relevant to Creation, pub- 
lication of a magazine and the sale of 
books, tapes and filmstrips". 

If it can be demonstrated that the ex- 
ports of CSF are religious in nature it is 
likely that its federal funding will be ruled 
unconstitutional. An article in the Mel- 
bourne Age (4 January 1986) reports that 
lawyers are now investigating the possibil- 
ity of a challenge under section 116 of the 
Australian constitution, which expressly 
prohibits the government from estab- 
lishing a religion. 0 
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Colloid chemistry 


NEWS AND VIEWS 


Applications of microemulsions 


from B.H. Robinson 


Iris well known that oil and water do not 
mix. However, if a chemical dispersing 
agent, known variously as a surface-active 
agent, surfactant or detergent, is added 
then a ‘microemulsion’ liquid dispersion 
may well form. The surfactant, located at 
the interface between the two phases, 
dramatically lowers the oil-water inter- 
facial tension. The dispersions are optical- 
ly transparent and are generally thought 
to be thermodynamically stable. Until 
recently, physicists and physical chemists 
interested in the properties of the liquid 
state did not regard such systems worth 
serious study, believing that they were far 
too complex and irreproducible in their 
behaviour. But this situation is now 
changing rapidly and microemulsions are 
attracting wide interest in both industrial 
and academic research laboratories. On 
page 338 of this issue’, and in a preceding 
paper’, J. Tabony reports the results of a 
structural study of a surfactant-stabilized 
dispersion containing equal volumes of oil 
and water that indicates the presence of 
well-defined structural domains. 

Most experimentalists have avoided the 
composition region in the middle of the 
triangular phase diagram (see figure), 
favouring the simpler ‘precursor’ systems 
along the water-oil and oil- surfactant 
sides of the triangle. In the absence of oil, 
surfactants spontaneously self-organize in 
water at low concentrations to form 
micelles, and as the surfactant concentra- 
tion is increased, a variety of lyotropic 
liquid crystalline structures are formed. 
These soap-water systems are of great 
importance in detergency and are now 
quite well understood. In a similar way, 
certain surfactants, including phospho- 
lipids, form inverted micelles, which can 
readily take up water to form microstruc- 
tural domains in which water is dispersed 
in oil in the form of essentially mono- 
disperse aqueous droplets. Their size can 
be precisely controlled by varying the 
amounts of water and surfactant. In con- 
trast, previous studies in the composition 
region (d of the figure) suggest the exist- 
ence of open ‘bicontinuous’ sponge-like 
structures in which the surfactant forms an 
interface of rapidly fluctuating curvature 
but in which the net curvature (time- or 
space-averaged) is near zero’. 

The results reported by Tabony in this 
issue were obtained using one of a range of 
neutron-scattering instruments which are 
available for structural and dynamic 
studies at the Institute Laue Langevin, 
Grenoble. Much new information on size, 
structure and motion of a whole range of 
colloidal dispersions is now becoming 


available as a result of the successful 
explotation of the Grenoble facility, and 
research will continue also at the pulsed- 
neutron source in the UK. 

Neutrons are particularly useful for 
studies on liquid dispersions because the 
method of contrast variation (selective 
deuterium labelling of a component of the 
system) can reveal the internal structure 
of an individual droplet and motions of 
particular. components. The accessible 
wavelength range is such that inter-drop- 
let interactions are also readily studied 
using small-angle scattering methods'. 
Molecular motions on a very short (nano- 
second) timescale can also be probed 
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Schematic triangular phase diagram of an 
Oil-water-surfactant system. Shaded 
region, water-oil immiscibility region 
(2-phase); a, liquid-crystalline phases; 5, 
micelles in aqueous solution: c, reversed- 
micelles in oil; d, concentrated single- 
phase microemulsion domain. 


using inelastic scattering techniques. 

Many detailed triangular phase dia- 
grams for a range of surfactants are al- 
ready available (for example, ref. 5) and 
furthermore, water can be substituted by 
several other polar solvents, for example, 
glycerol and formamide. Theoretical 
papers have stressed the importance of the 
shape of the surfactant molecule (and its 
natural curvature when adsorbed at the 
oil-water interface) in influencing the 
structures which form‘, so we can now pre- 
dict structures more effectively. 

Why is industry interested in such 
microemulsions? There are a number of 
reasons. For example, the oil industry is 
keen in the longer term to exploit sur- 
factant-enhanced tertiary oil recovery 
methods for which rheological properties 
of the microemulsion are important, and 
to explore the possibilities of gasoline 
substitutes based on liquid blends with 
alcohol. There are obvious applications in 
the food and cosmetics industries, par- 
ticularly: using phospholipid surfactants. 
Single component thermotropic (low 
molar mass) liquid crystals have already 
found wide application as electro-optic 
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display devices in watches and calculators 
Applications of the lyotropic analogues. 
based on surfactant-water systems, have 
not been so forthcoming but the extra 
dimension introduced by the oil compon- 
ent produces a rich diversity of structures 
with potentially interesting rheological 
and electrical properties. Characteriza- 
tion of structure and interactions at the 
molecular level is the first step tow ards the 
exploitation of such new materials. 

The possibility of precisely controlling 
the size and stability of the microstructure 
domains suggests interesting applications 
for liquid-membrane technology. and the 
compartmentalized liquid struciures of 
high surface area provided by the oil- 
water dispersions suggest their use as a 
novel and versatile medium for chemical 
synthesis. The potential in this field is in- 
dicated in a recent review on enzyme pro- 
cesses in microemulsions. Enzymes 
retain their activity in such dispersions and 
in an oil-rich medium the thermodynamic 
equilibrium of reactions is shifted in such a 
way that the possibility exists for catalvs- 
ing reactions in the reverse direction to 
that favoured in aqueous solution. a pro- 
cess known as reverse enzyme synthesis. 
In this way, esters can be synthesized 
rapidly under mild conditions from carb- 
oxylic acids and alcohols. or oligopeptides 
can be prepared from amino acids. 

Another potential use of the fluid but 
structured microdomains of the tvpe 
reported by Tabony is in the preparation 
of microscopic particles of a desireu size or 
shape reflecting the structure within the 
liquid dispersion. Small spherical metallic 
particles of, for example. platinum" and 
cobalt boride have already been prepared 
successfully in water-oil microemulsion 
systems using this approach and the pre- 
paration of particles of other shapes 
should be possible in microemulsions 
which have a long-lived non-spherical 
microstructure. Such particles show cata- 
lytic activity in selective hydrogenation 
reactions’. J.H. Fendler has stressed the 
wide range of chemical processes. such as 
artificial photosynthesis, that ma« be fa- 
cilitated by reaction at interfaces ". Micro- 
emulsions and the so-called ‘liquid crystal 
microemulsions’ as described bv Табопу 
look to have considerable potenual fo 


wy 


exploitation in the near future. m 
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NEWS AND VIEWS 





Visual cortex 


What layer 6 tells layer 4 


from Simon LeVay 


Tue primary visual cortex (area 17) of the 
cat has been the object of intense study 
Since Hubel and Wiesel's pioneering 
work, first published 24 years ago (J. 
Physiol., Lond. 160, 106; 1962). As a re- 
sult, we now know the characteristic 
shapes and connections of many of the 
major cell types, have categorized the 
visual responses of neurones in area 17 
and matched morphological and functi- 
onal cell types using intracellular recording 
and staining techniques. Taken together, 
these data allow increasingly precise 
hypotheses about the generation of speci- 
fic response properties of cortical neur- 
ones. Elsewhere in this issue, J. Bolz and 
D.C. Gilbert put forward one such hypo- 
thesis and provide experimental support 
for it (Nature 320, 362; 1986). 

Most neurones in area 17 are orienta- 
tion-selective, that is, a neurone responds 
best to an elongated bar of light at a par- 
ticular orientation that is swept broadside 
across its receptive field. Many cells have 
specific requirements with respect to the 
length of the bar (its dimension along the 
orientation axis). Some cells respond iri- 
creasingly well as the stimulus length is 
increased up to some optimal value 
(typically 1—3 degrees of visual angle), 
but respond less well, or cease to respond 
completely, if the stimulus is lengthened 
further. The output of these 'end-inhib- 
ited’ cells thus conveys information about 
both the orientation and the length of the 
stimulus. End-inhibited cells are common 
in the upper cellular layers of area 17 
(layers 2, 3 and 4) but are rare in layer 6, 
the deepest layer. Layer 6 contains many 

` cells which respond poorly to short bars; 
instead they respond increasingly well as 
the length of the bar is increased to quite 
high values (4-16 degrees). Bolz and 
Gilbert suggest that the activity of these 
cells is responsible for the end-inhibition 
of cells in the upper layers. 

The circuitry by which this could be 
achieved is illustrated in the figure. Many 
pyramidal neurones in layer 6 have axonal 
branches that ascend to layer 4, where 
they terminate predominantly on the vari- 
cose dendrites of spinefree stellate cells. 
The spinefree cells are thought to be inhib- 
itory neurones whose axons may contact 
the spiny dendrite stellate cells, which 
comprise the major neuronal type of layer 
4. (It is known that the output of the spiny 
dendrite stellate cells is largely to the 
pyramidal neurones of layers 2 and 3.) 

According to Bolz and Gilbert's hypo- 
thesis, presentation of a short bar (say 2 
degrees long) activates layer 4 cells but has 
little effect on layer 6 cells, whereas pre- 








sentation of a long bar (say 8 degrees) 
activates layer 6 cells, which excité the 
spinefree cells of layer 4 and suppress the 
response of the spiny dendrite cells, pro- 
ducing end-inhibition. For this scheme to 
work the connections must be specific to 
sets of neurones sharing a common orien- 
tation preference — this is taken care of by 
the fact that interlaminar connections are 
predominantly vertical and cells sharing 
a common orientation preference are 
organized into vertical columns. 
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Some intrinsic and subcortical connections 
of area 17 that may be involved in the 
generation of end-inhibition. Retinal 
neurones drive neurones in the lateral 
geniculate nucleus (LGN), which in turn 
provide input to neurones in cortical layers 
3, 4and 6. Many layer 6 cells have ascending 
branches which contact spinefree stellate 
cells (shown in black) in layer 4. These cells 
are thought to inhibit the spiny stellate cells 
of the same layer and/or the pyramidal cells 
of layer 3. Descending axons from layer 6 
neurones innervate the LGN and the 
claustrum. Claustral neurones send a return 
projection to area 17 that ends in all layers, 
but most heavily in layer 4. All the cortical 
neurones drawn here lie in the same 
orientation column. Uncertain connections 
are indicated by the question marks. 


To test their model, Bolz and Gilbert 
recorded from cells in the upper cortical 
layers while reversibly inactivating a patch 
of layer 6 cells immediately below by 
direct injection of the inhibitory neuro- 
transmitter y-aminobutyric acid. During 
the block, which lasted for a few minutes 
after each injection, most upper-layer 
cells lost all or part of their end-inhibition 
— that is, they responded to long as well 





as to short bars. Other properties of the 
neurones (orientation and direction sel- 
ectivity) should be largely unaffected. 

In terms of the history of ideas about the 
laminar organization of the cortex, Bolz 
and Gilbert's results suggest something of 
a compromise. Earlier workers stressed 
the notion of reverberating interlaminar 
circuits or of sequential processing of 
visual signals from layer to layer. 
According to these ideas, inactivation of a 
single layer should largely or totally 
disable cortical function. In contrast, 
more recent Observations suggest a 
surprising degree of functional 
independence of the layers. For example, 
layer 4, long thought to be the major input 
layer of area 17, can be silenced without 
seeming to affect responses in layers 2 and 
3 (Malpeli, J.G. J. Neurophysiol. 49, 595; 
1983). Bolz and Gilbert show that 
inactivating a single layer can eliminate a 
single aspect of cortical function while 
leaving other aspects intact, and their 
results illustrate how columnar 
organization, at least in the orientation 
domain, simplifies the elaboration of 
response properties. 

What is the specific wiring responsible 
for these processes? As well as sending 
axons to layer 4, layer 6 neurones also 
provide the descending arms of two loops 
that connect area 17 with subcortical 
nuclei, the lateral geniculate nucleus and 
the claustrum (see figure), therefore 
these descending pathways are also 
silenced by the y-aminobutyric acid in- 
jections. The cortico-claustral loop has 
previously been implicated in the genera- 
tion of end-inhibition in area 17 (Sherk, 
H. & LeVay, S. J. Neurosci. 3, 2121; 
1983), although its contribution is only 
partial. The role of the massive descend- 
ing pathway to the lateral geniculate 
nucleus is something of a mystery. But 
geniculate neurones have an antagonistic 
centre-surround type of receptive-field 
organization, which gives them some 
degree of end-inhibition when they are 
stimulated with elongated bars. There are 
hints that the cortico-geniculate pathway 
could modulate this effect (Tsumoto, T. 
Expl Brain Res. 32, 345; 1978) thus 
providing another route by which layer 6 
cells could indirectly influence end- 
inhibition in the upper cortical layers. 
More precise experiments are required to 
elucidate the contributions of these 
pathways to end-inhibition. 

To what extent can Bolz and Gilbert’s 
findings be extended to other cortical 
areas or to other species? The almost total 
lack of data allows free rein for specula- 
tion. Perhaps the general role of layer 6 is 
to determine whether increased local 
cortical activity is matched by heightened 
activity of neighbouring regions, and, if 
so, to suppress the activity of upper layer 
cells. This would be equivalent to the 
lateral inhibition seen at early levels of 
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A place for teleology? 


William H. Press 





The Anthropic Cosmological Principle. By John D. Barrow and Frank J. Tigers 


Clarendon: 1986. Pp. 706. £25, $29.95. 





TELEoLoGY,. we recall, is the doctrine 
that natural phenomena are guided not 
only by immediate causa] forces, but also 
by certain pre-determined, distant goals. 
It is an understatement to say that teleolo- 
gy has been out of fashion in science in the 
past century, and probably not much of an 
exaggeration to say that the present scien- 
tific paradigm rejects the teleological 
hypothesis vehemently, categorically and 
usually with contempt. If the. ` 
Darwinian revolution was not 
about the rejection of teleology, 
then what was it about? 

Now there comes a book — no 
crackpot tract, but a scholarly, 
philosophically ^ sophisticated 
and mathematically high-brow 
monograph — that says we've ali 
made a big mistake; there really 
is a place for teleology and relat- 
ed concepts in today's science. 
At least (the authors ask), give 
us a chance to. present argu- 
ments, drawn in the main from 
modern theoretical cosmology, 
which may convince the reader 
of an astounding claim: there is a 
grand design in the Universe that 
favours the development of in- 
telligent life. This claim, in cer- 
tain variations (as we shall see in 
a moment), is the “anthropic 
cosmological principle". 

The immediate dilemma is whether or 
not to take such a book seriously at all. 
There are several good reasons to do so. 
First, it is a magnificently quixotic quest 
that the authors are undertaking, and they 
approach it with style, erudition and 
panache, though not without some sly re- 
liance on debaters’ tricks. Second, as the 
rest of us putter around in the basement of 
currently accepted scientific beliefs, ‘it is 
not a bad thing to be prepared to defend 
those beliefs — and this book surely offers 
a dangerous (but in the end, I think, re- 
buttable) challenge to them. 

Third, although Barrow and Tipler try 
valiantly to cloak their thesis in the garb of 
heavy philosophy and impenetrable (and 
sometimes misused) mathematics, there 
lurks within the book a delightful, wide- 
ranging and provocative exploration of 
their own hodge-podge of broad intellec- 
tual interests. These centre on modern 
relativistic cosmology (in which the authors 
do hold established credentials) and range 
from there with enthusiasm, and greater 
or lesser competence, into biochemistry 


and the origin of life, into space travel and 
extraterrestrial intélligence, into many- 
world interpretations of quantum mecha- 
nics, into critical analysis of the work of 
Jesuit mystic Teilhard de Chardin and the 
Humean rejection of design arguments for 
the existence of God, and much, much 
more. It would be quite a.challenge to find 
another book whose “B” index entries in- 
clude Boshongo creation myths, the auto- 





catalytic role of beryllium-8 i in the helium- 


burning reaction and Bianchi type VIL 
universes. 

So what business have a couple of 
mathematical cosmologists poking around 
in places such as this? Barrow and Tipler 
have found themselves a kind of intellec- 
tual magic carpet, which transports them 
effortlessly through parochial disciplinary 
barriers into any field they want to get 
into. The anthropic principle is that magic 
carpet. Under its present name, it has 
been talked about by (mostly) cosmolog- 
ists for something more than a decade; 
Barrow and Tipler trace it, and its fore- 
runners and precursors, back through 
several centuries. 

A weak, and not very controversial, 
form of the anthropic principle is the 
notion that observational selection biases 
should be accounted for in cosmology, 
just as they are accounted for in less gran- 
diose fields of observational or natural 
science. As the authors put this: 

The observed values of all physical and cosmo- 
logical quantities are not equally probable but 


they take on values restricted by the require- | 
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ment that there exist sites where carbon-based 
life can evolve and by the requirement that the 
Universe be old enough for it to have already 
done so. 

In other words, we know that we are herc 
(Bishop Berkeley, Descartes: these au- 
thors have you all figured out), so we 
might as well rule out physical theories 
and cosmological models that are incom- 
patible with that “observation”. Taken 
this way, the. weak anthropic principle 
(WAP) is little more than an application 
of Bayes theorem of probabilities, letting 
a little bit of a posteriori knowledge (the 
existence of life on Earth) intrude into an 
assessment of the likelihood of a priori 
theories. 

There is only the faintest whiff of tele- 
ological dogma in the WAP. By accepting 
it, one gains intellectual domin- 
ion over a whole set of territories 
which would otherwise lie out- 
side thé scope of science. “Why” 
do the physical constants have 
the values that they do? “Why” 
is the Earth the size and temp- 
érature that itis? Andso on. The 
meat of this book is the explora- 
tion of consequences of the 
WAP in cosmology, astrophysics, 
planetary physics and evolution- 
ary biology. But the seductive 
trap that the authors are setting 
is-already clear: as soon as we 
accept the “why” formulation of 
questions that the WAP allows 
us to address, we have entered a 
receptive state of mind for the 
strong anthropic principle 
(SAP): “The Universe must 
have those properties which 
allow life to develop within it at 


| some stage in its history”. Or, more ex- 


treme yet, John Archibald Wheeler's par- 
ticipatory anthropic’ principle (PAP): 
“Observers are necessary to bring the 
Universe into being”. Barrow,and Tipler 
coyly avoid saying that they want us to 
believe in one of these stronger state- 
ments, but one cannot read their book 
without feeling that they do, that they are 
earnest, wide-eyed, proselytizing believers 
themselves. One can almost see them 
handing out flowers in airports or train 
stations. 

It is at this point that, not without 
reluctance, [have to bail out of their plane 
and parachute to safety. Barrow and 
Tipler have given us an engaging book, 
practically a universal education in both 
the history of modern science and the his- 
tory of the Universe. (In a short review 
one cannot do justice to the diversity of 
their topics and the fascinating historical 
titbits that they have unearthed and re- 


` corded.) This book will be much quoted, 


much debated and much praised. It de- 
serves a place on the shelf of any serious 
scholar of science, and it will be found on a 
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good many coffee tables as well. Never- 
theless, in my opinion, there is some fun- 
damental intellectual dishonesty here, 
some snake oil being peddled. The au- 
thors are trying desperately to be taken 
seriously, and they do not always play fair 
with their readers. 

While there is a lot of good scientific 
exposition in the book, there is too a dis- 
tressing amount of what seems to be 
mathematical flim-flam, that is, quotation 
of precise results in a manner designed to 
mislead less-mathematical readers and 
cause them to jump to the authors’ desired 
(usually non-mathematical) conclusion. 
For example, after some rather woolly dis- 
cussion of Penrose conformal diagrams, 
Barrow and Tipler conclude “A Penrose 
diagram allows us to define rigorously ‘an 
achieved infinity’, a concept whose logical 
consistency philosophers have been 
doubtful about for thousands of years”. 
This is a silly assertion, but it is put forth 
with the utmost gravity, in such a way that 
many readers will be taken in. And it is 
only one of many such cases. 

Nor do the authors always play fair with 
other workers in their field. They have a 
tendency to bury footnote references to 
the work of their colleagues in and among 
a plethora of erudite footnotes to 
nineteenth- and twentieth-century pre- 
cursors. This becomes particularly disturb- 
ing when, as is sometimes the case, the 
exposition mirrors other authors' papers 
practically sentence by sentence. The 
casual reader will come away mistakenly 
crediting Barrow and Tipler for ideas that 
they have, in fact, only nicely summa- 
rized. The serious scholar should take 
their bibliographical research and attribu- 
tions (an immense amount of work on 
their part) as indicative, not definitive. 

The book's flaws, I think, can be traced 
back tq a single cause: the authors badly 
wart to be the founding doctrinal theorists 
of a “new” resurgence of teleological be- 
lief in science. They bring to their cause an 
impressively broad knowledge of scien- 
tific exotica, but the factual content of the 
book is only their means to an end that (in 
my opinion) is threatening to the modern 
scientific enterprise. That end is nothing 
less than the fusion of matters of science 
with matters of individual faith and belief. 
It has taken us a long time to separate 
these matters, each to its own legitimate 
arena in human affairs. We should not 
lightly allow them to become once again 
jumbled, least of all by a book that now 
and then cuts corners in getting to its own 
pre-determined, distant goals. This is a 
fascinating and entertaining book, one to 
read and think about. But it is also one 
whose extra-scientific agenda most of us 
will, ultimately, wish to reject. Oo 





William H. Press is Professor of Astronomy and 
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What do intermediate 
filaments do? 
Keith Burridge 


Intermediate Filaments: A Review. By 
Peter Traub. Springer-Verlag: 1985. Pp. 
266. DM 168. 


FOR SEVERAL years people interested in 
intermediate filaments have looked over 
their shoulders with envy at those studying 
microtubules and microfilaments. While 
there is ample evidence for the import- 
ance of microtubules and microfilaments 
in generating cellular movements, the 
function of intermediate filaments re- 
mains elusive. Because no obvious motil- 
ity function has been apparent, some sort 
of skeletal or structural role has been 
generally, if begrudgingly, accepted, but 
this concept has not been embraced with 
the kind of enthusiasm that gives a field 
new momentum. 

Anyone examining the function of in- 
termediate filaments has some puzzling 
experimental observations to consider. 
Some cells exist, apparently quite happily, 
without them. Similarly, the intermediate 
filaments within a cell can be collapsed by 
microinjection of antibodies without de- 
tectable effects on the cell’s behaviour. 
From these observations one might con- 
clude the intermediate filaments are not 
very important, or, alternatively, that they 
have a subtle function which has been 
missed because the assays have been in- 
appropriate. This latter argument is the 
one adopted by Peter Traub. He proposes 
that the idea that intermediate filaments 
have a structural role is essentially the 
consequence of depending on structural 
techniques, such as immunofluorescence 
and electron microscopy, to study them. 
Traub uses the final chapter of his book to 
present his own, novel ideas about possi- 
ble functions; rather than being skeletal 
elements within cells, he suggests, in- 
termediate filaments are involved in signal 
transduction from the plasma membrane 
or cytoplasm to the nucleus. 

Traub first became entangled in this 
field accidentally. Working as a virologist, 
he became intrigued with a protein that 
was binding to some viral RNA. Only 
later did he realize that this protein had 
been discovered previously and was 
vimentin, the subunit of one of the main 
types of intermediate filament. At this 
point others might have dropped the sub- 
ject, attributing the binding to irrelevant 
coincidence, but Traub and his colleagues 
have pursued the "matter. They have 
shown under physiological conditions that 
the subunit proteins of several classes of 
intermediate filament have a specificity 
for binding to DNA rather than to RNA. 
From the work of others, it has been 
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known for some time that intermediate 
filaments are very susceptible to proteo- 
lytic cleavage by a calcium-activated pro- 
tease in the cytoplasm, and again Traub 
has demonstrated that the fragments 
generated from the different classes of 
filament by this protease retain the selec- 
tive DNA-binding activity. 

These biochemical observations form 
the basis of Traub’s theory. He suggests 
that calcium elevated in the cytoplasm in 
response to external signals activates the 
protease. This, in turn, cleaves the in- 
termediate filament subunits, which can 
no longer assemble, and which are trans- 
ported back to the nucleus. Here they in- 
teract with DNA or chromatin, probably 
in conjunction with other proteins, in a 
regulatory manner. When I first read ab- 
out this idea I was sceptical. I still am, but 
Traub assembles a considerable body of 
evidence that is consistent with the prop- 
osal. Certainly, an advantage’ of his 
hypothesis is that it suggests many experi- 
ments by which it could be tested. On the 
other hand, the idea that intermediate 
filaments have primarily a skeletal func: 
tion is a difficult concept to establish or to 
destroy. 

Only the last chapter of the book is ide: 
dicated to this unorthodox but refreshing 
concept. Regardless of whether or not one 
accepts it, the book as a whole provides ап 
excellent review of intermediate fila- 
ments. Almost every aspect of the subject 
is covered, with references up until about 
1984, ranging from heterogenéity, struc- 
ture and assembly, to the interaction’ of 
intermediate filaments with other ele- 
ments, secondary modification and re- 
sponse to normal and pathological stimuli. 
Given how vast and labyrinthine the field 
has become, this is quite an accomplish- 
ment. The only area in which Traub has 
not attempted to be comprehensive is the 
increasing clinical use of intermediate fila- 
ments for tumour typing. 

The book should be-useful both for spe- 
cialists and for the many cell biologists 
who, like myself, have a peripheral in- 
terest in intermediate filaments. It is well 
organized, well indexed and has a bib- 
liography of some 60 pages. I anticipate 
that it will be the standard work for many 
years. If it also stimulates some novel ex- 
periments that help to unravel the knot of 
intermediate filament function, then 
Traub should be well pleased with having 
provided adouble service to the field. O 
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è Two recent books on the cytoskeleton are 
Molecular Biology of the Cytoskeleton (G.G. 
Borisy et al., eds), published by Cold Spring 
Harbor Laboratory, and The Cytoskeleton: An 
Introductory Survey (by M. Schliwa), published 
by Springer- Menag: 
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Temper out of time 
J.S.Jones 





The Evolutionary Process: A Critical Re- 
view of Evolutionary Theory. By Verne 
Grant. Columbia University Press: 1985. 
Pp. 499. $40. 





One of the pleasures of being an evol- 
utionist is that one's colleagues are such a 
cantankerous lot. They have, of course, a 
great deal to be cantankerous about. Each 
one of Darwin's precepts — that there 
exists extensive genetic diversity which re- 
flects variation in fitness, that most poly- 
morphism is subject to natural selection 
and that the gradual accumulation of 
favoured variants leads to the origin of 
species — has been disputed since they 
were first stated, and molecular biology 
has given new heart to those whose chief 
pleasure is in attacking the Darwinian 
edifice. 

This book treats evolutionary theory 
from the viewpoint of an author who has 
grown up with the subject. Grant comes 
from that generation of biologists, now 
almost extinct, which sees evolution in the 
context of a deep understanding of the 
world of living animals and plants rather 
than as experts in a newly invented (and 
somewhat nebulous) science of “evolu- 
tionary biology”. He discusses many of 
the classics of the field; gene flow, popula- 
tion structure and patterns of speciation in 
Drosophila, industrial melanism, genetic 
load, adaptive radiation and human 
evolution. Many of his examples come 
from plants, with sequoias as exemplars of 
population structure, the origin of corn as 
an instance of the power of selection and 
the annual herb Gilia as an illustration of 
reproductive isolating mechanisms. 

There is, too, space for the grinding of a 
few private axes. Kin selection has, 
apparently, only slight explanatory power 
and a great ability to cause confusion of 
thinking. The same is true of speciation in 
continuous populations. However, many 
of the book's themes are acceptable to the 
most conventional evolutionist: the vast 
majority of new mutations are delete- 
rious, natural selection always has the last 
word in determining the fate of a newly 
arisen variant and macroevolution can 
be explained as the summation of many 
microevolutionary events. 

For all the strengths of a treatment of 
this sort, the book suffers from its con- 
centration on convention. Traditional ex- 
planations will, no doubt, explain many of 
the patterns of morphological evolution 
which we see in nature. However, most of 
the recent excitement in evolutionary 
theory has arisen from the discoveries of 
molecular biology. It is now clear that 
there is a staggering amount of genetic 
diversity in DNA structure and that, at 
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this level, some of the patterns of genetic 
differentiation among closely related spe- 
cies are very difficult to explain in terms of 
mutation and selection. Grant's subtitle is 
A Critical Review of Evolutionary Theory, 
but it is not easy to be critical in a review 
which omits many of the ugly facts which 


now threaten Darwin's beautiful theory. | 


Molecular evolution does get a mention, 
but its wider implications are scarcely dis- 
cussed. As a result the book conveys little 
ofthe genuine bad temper which is such an 
attractive feature of modern evolutionary 
biology. 

This, then, is a gentleman's book, which 
deals largely with the controversies of 
yesterday. It may well be that these will be 
the controversies of tomorrow; but what is 
needed is a fuller discussion of their rele- 
vance to the discoveries of today. L1 





J.S. Jones is a Lecturer in the Department of 
Genetics and Biometry, University College Lon- 
don, 4 Stephenson Way, London NWI 2HE, 
UK. 





Views of the virus 
P.J.G. Butler 
Virus Structure and Assembly. Edited by 


Sherwood Casjens. Jones and Bartlett: 
1985. Pp.295. $45, £45. 





ViRuszs are studied not only as interest- 
ing microorganisms in their own right, but 
also for what they can tell us about the 
host cells which they infect. Because many 
of them have small genomes, coding for 
few proteins (sometimes only three, in- 
cluding the coat protein for packaging new 
virions), they have to suborn many cellu- 
lar functions for synthesis and even some- 
times assembly of their components. Even 
in viruses with large genomes, such as 
bacteriophage T4 which codes for many 
enzymes, a fair proportion of the genes 
duplicate functions already available in 
the host cell and are inessential except in 
unusual hosts. Thus a virus-infected cell 
carries out many of its normal functions, 
but to a grossly exaggerated extent, and 
with a narrower range of products, which 
facilitates research into these processes. 


are each open to different 
interpretations according to 
whether they are mentally 

rotated 45? clockwise or 

45^ anticlockwise (one of 

them, for instance, can be 

seen as a man in a chef's hat 

or, alternatively, as a dog). 

The illustrations are reproduced 
from the new paperback edition of 
Mental Images and Their 
Transformations, by R.N. Shepard and 





L.A. Cooper, published by MIT Press price $9.95, £9.95. For review and 
discussion of the issues raised by this line of research see Nature 301,353 (1983). 
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Ambiguous shapes: these two figures 


There are many reviews of specific 
areas of virus structure and assembly 
aimed at specialist audiences, but no 
attempt has been made recently to cover 
the whole field in a single volume. A book 
such as the present one is therefore to be 
welcomed and it is all the more regrettable 
that it is in the area of all-round coverage 
that Virus Structure and Assembly is at its 
weakest; it is, perhaps, the difficulty of 
covering such a vast amount of informa- 
tion which has deterred others from 
attempting the task. The editor has gal- 
lantly contributed the two general chap- 
ters, “An Introduction to Virus Structure 
and Assembly" and “Nucleic Acid Pack- 
aging", himself. The second of these occu- 
pies a full quarter of the book, but despite 
its relative length I feel that it falls short of 
the mark. Inside Casjens's own areas of 
expertise the subject is well handled, but 
in' dealing with less-familiar material he 
has resorted to a simple listing of pub- 
lished views with little attempt to assess 
their merits or significance. 

The book contains several excellent 
chapters, which are both enjoyable and 
informative, but in the main these cover 
areas close to the editor's research interest 
(that is, bacteriophage). While I must 
declare an interest in the topic, it is inade- 
quate to try to summarize tobacco mosaic 
virus, for which the most detailed infor- 
mation for any virus is available on both 
structure and assembly, in just four pages. 
In comparison, an entire chapter is de- 
voted to the tailed bacteriophages, which 
also take large parts of two further chap- 
ters. While they demonstrate the power of 
genetic analysis, we have little under- 
standing of their detailed interactions as 
there are no high-resolution structures 
known. 

On the topics which are given adequate 
space this book does a good job, but it fails 
to meet the objective which the editor sets 
out in his preface; it would be wrong for 
anyone outside the field to be deceived 
by the title into thinking that it gives an 
overall picture of our knowledge of virus 
structure and assembly. It is, nonethe- 
less, certainly worth reading. o 
P.J.G. Butler is in the Medical Research Coun- 


cil’s Laboratory of Molecular Biology, Hills 
Road, Cambridge CB2 2QH, UK. 
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An image of science 
and business 


Peter Newmark 





A Machine Called Indomitable. By Sonny 
Kleinfield. Times Books, New York:1985. 
Pp.250. $16.95. 





RaAvMoNp Damadian, the main subject 
and inspiration for this book, could, it 
seems, have chosen to make a career as a 
violinist or a tennis player had he not 
chosen to study science and later medi- 
cine. By the end of Sonny Kleinfield's 
rather shallow account, his subject has 
become a business man, grown rich by 
selling the nuclear magnetic resonance 
(NMR) scanner that he had pioneered. 
But this is much less a story of how the son 
of some poor Armenian immigrants made 
good in the great American tradition, than 
how a misfit in the conventional world of 
medical research was forced into business 
to support himself. 

Damadian’s problems with his fellow 
researchers seem to have been catalysed 
by his early association with Gilbert Ling, 
a physiologist who believes that the in- 
terior of cells comprises multiple polar- 
ized layers of water molecules which 
account for phenomena such as those 
otherwise interpreted as a sodium pump in 
the cell membrane. Falling under the spell 
of Ling — who remains a voice in the 
wilderness — Damadian first reasoned 
that the water structure of cancer cells 
would differ from that of normal cells, and 
then came across NMR as a means of de- 
tecting that difference: “One afternoon, 
peering at the pool... Damadian went off 
into his own mind. Gradually, swirling 
like smoke, visions emerged. Perhaps 
some sort of giant NMR machine might be 
just the device that could be used to scan 
his stomach (which was still acting up)...” 
(p:27). In the style of the reporter (for the 
New Yark Times) that he is, Kleinfield 
recounts how the dream of 1970 became 
the prototype machine of 1977, and the 
business of today. 

Damadian's first “mistake” was to out- 
line in Science his vision of using NMR to 
detect tumours on the basis of their abnor- 
mal water structure. The paper seems to 
have been the subject of a good deal of 
derision, from which its author never real- 
ly recovered in the eyes of many of his 
peers. The result was a continual struggle 
for money to support his work and a grow- 
ing contempt and fear of his rivals, espe- 
cially Paul Lauterbur at the University of 
New York at Stony Brook, whose paper 
on NMR imaging (for which he coined the 
unused term zeugmatography) was pub- 
lished in Nature in 1973. Damadian was 
incensed that the paper contained no re- 
ference to his own work; he was, however, 
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inspired by Lauterbur’s achievement to 
switch his own efforts to imaging. 
Perhaps Damadian’s character is best 
illustrated by his financial struggles. When 
his first grant application was turned down 
he wrote directly to President Nixon: 
“The rejection of my grant by the National 
Institutes of Health is a colossal stupidity 
[which] reflects only the enduring ignor- 
ance and the complete absence of vision of 
the men who decide”. Urged by МІН to 
reapply, he received a three-year grant 
with which he bought his first NMR 
machine. When that grant ran out and the 
“appallingly disgusting” peer review sys- 
tem failed him again, he raised money 
privately with the help of a brother-in-law 
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Reasoning that his fatness was the prob- 
lem, he put pressure on his only slim 
associate to be scanned by the machine — 
by then christened Indomitable. Persua- 
sion took two months, the scan itself four 
and three-quarter hours. But the result 
was an image. And a press conference. 
And more hostility. 

Failing to get recognition, promotion or 
papers published, and once again without 
the money to proceed, it was then that 
Damadian decided to go into business. He 
also decided to switch from a supercon- 
ducting magnet, with its problematic re- 
quirements for cooling by liquid helium, 
to a permanent magnet, which weighs 
3,000 g in the latest machines. They now 
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through a Citizens’ Campaign for New 
Approaches to Cancer. There followed a 
large National Cancer Institute grant (and 
a patent) but again no renewal. Later, in 
desperation, Damadian travelled to 
Plains, Georgia, to try and persuade the 
newly-elected President Carter of his 
case. Hugh Carter, a cousin, did his best 
on Damadian's behalf but no money was 
forthcoming. In the end it was a wealthy 
businessman who came to the rescue. 

Despite financial problems, Damadian 
was making progress in the construction of 
a human NMR scanner. But the lack of 
money meant that much labour and ing- 
enuity had to be spent on building every- 
thing, including the superconducting mag- 
net, from scratch and often from junk. He 
was driven to a considerable extent by the 
fear that Lauterbur, or one of the British 
groups that had entered the field, would 
be the first to produce NMR images of the 
human body, in which case Damadian 
foresaw that he would lose any remaining 
chance of getting the credit for his inven- 
tion. Lauterbur, however, seems not to 
have been concerned. A research associ- 
ate at the time is quoted as saying "He 
didn't think Damadian was capable of 
producing an image. He thought he was 
some crazy doctor". 

Whereas Lauterbur and others were 
busy imaging lemons, green peppers and 
even rats, Damadian was going for broke. 
Finding no volunteer among his col- 
leagues to be the first human to be NMR 
scanned — there was some apprehension 
about the possible effects of a long expo- 
sure to a strong magnetic field — Dama- 
dian became his own guinea pig in May 
1977. The result was not even a lemon. 





Tumor Detection by Nuclear Magnetic Resonance 


Abstract. Spin echo nuclear magnetic resonance measurements may be used as 
a method for discriminating between malignant tumors and normal tissue. Mea- 
surements of spin-lattice (T,) and spin-spin (T,) magnetic relaxation times were 
made in six normal tissues in the rat (muscle, kidney, stomach, intestine, brain, 
and liver) and in two malignant solid tumors, Walker sarcoma and Novikoff 
hepatoma. Relaxation times for the two malignant tumors were distinctly outside 
the range of values forthe normal tissues studied, an indication that the malignant 


tissues wero charanta-3-- 4 La пи ineronco t= al- 
Cause of controversy: the opening lines of Damadian’s paper in Science, 19 March 1971. 
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sell for more than $1.6 million and have to 
compete with similar machines from at 
least a dozen rival companies. 

Kleinfield’s book has its attractions. It 
provides a plausible picture of a man who 
suffered the results of allowing his enthu- 
siasm to get the better of him when the 
rules of the game demand a more mea- 
sured approach. It is easy to see both why 
he became almost paranoid about his 
peers and why they took him less than 
seriously. It is, however, hard to be too 
enthusiastic about a writer who can say 
(p.8): “Two of the important substances 
that get reabsorbed [in the kidney] are 
sodium and potassium; they are the secret 
to biological electricity, which is the 
foundation of life. It allows us to move our 
arms and legs and to breathe”. Also, even 
though the book does not pretend to be a 
balanced account of the development of 
NMR imaging, it would have benefited 
from a less Damadian-dominated version 
of the story. The author talked to Lauter- 
bur and some of the British rivals, but one 
learns little of the former and next to no- 
thing of the latter. 

Ironically, NMR scanners are still of 
little use in detecting tumours, the point of 
departure- for Damadian's quest. Un- 
daunted, Damadian now foresees the de- 
velopment of Indomitable into a tumour- 
killing device. And, indomitably, he still 
believes that in cancer “the real event 
that's taking place is that the water is be- 
coming more and more disorganized and 
less structured in the cell". For better 
or for worse there is probably more room 
for such characters in business than in 
science. Or even in music or tennis. П 


Peter Newmark is Deputy Editor of Nature. 
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The management of sea-level rise 


from Walter S. Newman and Rhodes W. Fairbridge | 





Man can regulate the hydrological cycle by diverting ocean-bound fresh water into reservoirs, subsurface 
storage and interior basins, dnd by diverting sea water into continental depressions. Between 1957 and 


1982, human intervention stored as much as 0.75 mm yr 


irrigation projects. 


TIDE gauge studies reveal that the trend 
of sea level in this century has been gen- 
erally upwards along most of the world's 
coastlines. For most of this century, the 
mean rise has been more than 1 mm уг! 
(refs 1-4). Meier? believes that the wasting 
of mid-latitude glaciers by 'greenhouse- 
effect’ warming is in part responsible for 
the modern sea-level rise, whereas Gornitz 
et аі! find the ‘steric effect’ (expansion of 
near-surface water due to temperature 
increase) explains much of the remainder 
of the current rise. 

In the past few years, several indepen- 
dent reports (for example, refs 6, 7) have 
presented rather alarming scenarios pre- 
dicting a greenhouse-effect sea-level rise 
on the order of 0.6 to 3.5 m by the end of 
the next century*. Although the CO, 
models may be controversial, the tide- 
gauge evidence is qualitatively correct. 
Whatever might be the ultimate cause of 
the contemporary sea-level rise, the con- 
tinuing marine inundation poses а major 
threat to the world's littoral population. 


Options 


The problem can be addressed i in several 
ways: by evacuation and retreat from the 
contemporary littoral (including legislated 
withdrawal from coastal habitations and 
investments}, defence of the shore by a 
variety of engineering schemes, as prac- 
tised, for example, in the Netherlands, 
and/or manipulation of the hydrologic 
cycle. On a worldwide basis, we have no 
means of estimating the cost of either the 
evacuation or the defence options. For 
most littoral states, either of these options 
would presumably consume an арргесі- 
able portion of their gross napional 
products. 

We examine here a third option: 
anthropogenic management of the hydro- 
logic cycle. ҚЫ eustatic sea-level rise of 
1.25 mm уг”! equals an annual i increase in 
ocean volume of nearly 500 km? yr. We 
assume that these figures are a conserva- 
tive approximation of the observed trends. 
The crux of the problem of regulatíng sea 
Ievel is then how to interrupt the hydro- 
logical cycle so that each year ме. сап 
intercept and dispose of, Or store, 
—500km? of additional. water volume 
apparently being added to the ocean mass. 
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Fig. 1 Sea-level volume suppression since 1932 due to reservoir and irrigation project storage. 
The global sea-level plot (c) to 1982 is based on data by Gornitz and Lebedefi^^; thereafter an 


assumed volume increase of 500 km? yr^ 


! is used to extrapolate the sea-level rise to the year 2000: 


Trace a shows the growth of the known storage cpacity of the world's 107 largest reservoirs? 

(capacity =1 km?); b is our estimate of water volume detention in small reservoirs and irrigation 

projects. Trace d adds the anthropogenically-stored water (a plus 5) to trace c, to generate what 

would have been the trace of sea levél unsuppressed by continental storage. Note that this trace 
does not include the effect, if any, of groundwater mining. 


In fact, we already store an appreciable 
volume of water on the continents. The 
Soviet hydrologist M. I. L’vovich’ esti- 
mates that mankind now regulates 1596 of 
the Earth's annual river discharge. Figure 
T (trace a) shows the rate of growth of the 
water storage capacities of the world's 107 
largest reservoirs. The total quantity 
already stored or: planned for storage by 
the end of the century 18 --3,100 km’. 
These data imply that since 1932, sea-level 
rise has been suppressed by reservoir 
storage. | 

Figure 1 also shows the ‘noisy’ rise of 
sea level since 1932 (trace c). This trace 
is derived from an updated and expanded 
database of tide-gauge measuremerits and 
late Holocene  sea-level indicators 
assembled by Gornitz and Lebedeff? and 
used by them to obtain a global average 
sea-level rise of 1.23: 0.3 mm yr ^. We used 
their, data for the-interval 1932-1982 and 
extrapolated the slope of their data 
(1.25 mm уг!) to the year 2000. 

The water stored’ in large reservoirs 
would otherwise have been responsible for 
an appreciable: annual increment in 
modern sea-level rise. For the time interval 
1957-82, the mean rate of suppression has 
been about 125 km? yr! (equal toa poten- 
tial rise in sea level’ of 0.25 mm yr ?). This 
volume does not include the construction 
and closing of millions of smaller reser- 
voirs which might double the rate of sea- 





level-rise suppression to 0.5mm уг”! 
(250km? yr ?). Nor does this volume 
include irrigation water, some of which 
infiltrates into aquifers, although at least 
half of it is transpired and evaporated and 
most of the remainder runs off again 
towards the world ocean’'. We estimate 
that about 125km?yr' of some 
3,000 km? уг”! of consumed irrigation 
water infiltrates to the subsurface, or 
remains as soil moisture and is more or 
less permanently stored in association 
with irrigation projects. We suggest that 


- since 1932, all forms of reservoir storage 


plus irrigation projects have been storing 
—375 km? уг! of water, equivalent to a 
potential sea-level rise of —0.75 mm уг”. 
The estimated rate of small reservoir and 
irrigation storage since 1932 and extrapo- 
lated to the year 2000 is shown as trace 5 
in Fig. 1. 

In contrast to water currently being 
withdrawn from the hydrological cycle is 
water formerly in storage but now being 
recycled. The USSR Committee for the 
International Hydrologic Decade has esti- 
mated"? a sea-level rise of 0.8 mm уг”! due 
to decrease in groundwater storage, and 
Gortnitz et al"! believe that land storage 
is probably not a major cause of sea-level 
change because new storage is being bal- 
anced by groundwater mining. Both of 
these estimates are based on extrapola- 
tions of water mined from the Great Plains 
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Ogallala aquifer that extends north from 
western Texas through to the Dakotas. 
However, the lateral transmissivity of the 
Ogallala is very low because of the varia- 
bility of the sediments in this alluvial for- 
mation". It is therefore probable that their 
estimates of withdrawal are excessive by 
an order of magnitude or more. For 
example, Nace’? wrote that “Pumpage 
from the Ogaltala formation has reduced 
storage by nearly 110 km?, and annual 
withdrawals in recent years have been 
about 6.2 km?." Furthermore, Ambroggi' 
insists that the annual rate of irrigation 
storage clearly exceeds groundwater min- 
ing in arid areas. The total quantity of 
mined groundwater is difficult to deter- 
mine, but probably amounts to less than 
100 km? yr !. Groundwater mining, if real 
and appreciable, would require a sub- 
traction from reservoir and irrigation 
storage water accumulation in Fig. 1. 

Trace d in Fig.1 shows the result of 
adding the storage capacities of large and 
small reservoirs and irrigation projects 
(traces a and b) to the observed and 
extrapolated sea-level rise since 1932 
(trace c). The result is a sea-level curve as 
it might have evolved had it not been for 
the several classes of anthropogenic con- 
tinental water storage. The difference 
between the observed and projected sea- 
level curves c and d represents our esti- 
mate of the suppression of the 'true' sea 
level trajectory by continental water 
storage. 

In addition to freshwater storage, it is 
also feasible to channel sea water into 
some of the world's great interior drainage 
basins which lie well below present sea 
level. Such potential sinks include the 
Imperial Valley of California, the Qattara 
Depression of northwestern Egypt, the 
.Dead Sea rift valley of Israel and Jordan, 
the Salina Gaulicho of Argentina and the 
Eritrea’ (Lake Assale) depression іп 
Ethiopia. All of these schemes also possess 
appreciable hydroelectric power potential. 
Marine diversion engineering feasibility 
studies already exist for the Dead Sea 
Basin and the Qattara Depression’*"*. We 
estimate the storage potential of each of 
these depressions to be on the order of 
1,000 km” or more. 

The site with the greatest potential for 
freshwater storage is the Aral-Caspian 
depression, which lies within the Eurasian 
landmass. The Caspian Sea surface is at 
an elevation of —28 m and falling. Raising 
the level of the Caspian Sea by only 10m 
would store 4,420 km? of water, which rep- 
resents eight years of sea-level rise at 
1.25 mm yr !. The Soviet Union is already 
diverting water from the north-flowing 
Vychegda and Pechora rivers in European 
Russia, but this will serve only to reduce 
somewhat the rate of fall of Caspian Sea 
Jevel'^!5, The three northern Siberian 
rivers (Ob, Yenisey and Lena) discharge 
about 1,500 km? уг !. Soviet engineers are 
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planning the diversion of these rivers 
towards the south for irrigation and hydro- 
electric power as well as the maintainance 
of the Caspian and Aral Sea levels?. Addi- 
tional water will be retained in smaller 
upstream reservoirs as well as in soils and 
subsurface aquifers. The centra] Eurasian 
project is thus certainly a key element in 
sea-level management. 

Still other major and minor sinks offer 
considerable water storage potential and 
other benefits. Examples include the Great 
Artesian Basin of Queensland and New 
South Wales in Australia, and the middle 
Niger and upper Zaire valleys (with spill- 
ways into the Chad Basin) in North Africa. 
The several-decades-old NAWPA (North 
America Water and Power Alliance) plan 
to divert surplus water from Canada into 
the United States? would store about 
1,000 km? of fresh water in the Rocky 
Mountain Trench, equal to —2.0 yr of sea- 
level rise at 1.25 mm yr'^!. The plan also 
envisaged additional storage by the dam- 
ming and partial revival of ancient pro- 
glacial lake basins and recharging of sub- 
surface water aquifers. With water and 
sediment loading, isostatic downwarping 
of all these reservoirs would gradually 
increase their capacity by an estimated ten 
per cent, although some seismic risk is 
always involved with such continental 
crustal loading. 


Consequences 


The major benefit of sea-level regulation 
is the mitigation of the damage inevitably 
caused by continuing littoral zone inunda- 
tion. A cost-benefit estimate requires close 
study of the potential savings offered by 
the sea-level management option as com- 
pared to the money that would otherwise 
be invested in shoreline protection, the 
evacuation of populations and the aban- 
donment of ‘hopeless cases’. Note that 
there has already been considerable (if 
inadvertent) capital investment in sea- 
level management projects. 

Major river diversion and storage will 
certainly have an impact on ocean 
dynamics and chemistry*'. The potential 
oceanographic alterations are difficult to 
assess and the ecological consequences of 
our suggested hydrological cycle interrup- 
tions are largely unknown. 

The 107 largest freshwater reservoirs 
already (or will before the end of this 
century) impound nearly 3,100 km? of 
fresh water (Fig. 1), and probably a similar 
quantity is already stored in the many 
smaller reservoirs. All this suggests that 
— 6,000 km? of water has been temporarily 
stored in surface reservoirs and prevented 
from flowing into the world ocean. This 
would be equivalent to 15.0 mm of sea- 
level rise or a 12-year lag in sea-level rise 
at 1.25 mm yr !. In addition, irrigation 
projects have absorbed by infiltration 
—125 km? уг”! since 1932, corresponding 
to nearly 7,000 km? of subsurface water 





and equal to about 14 years of sea-level 
rise. Thus reservoir and irrigation storage 
have caused sea-level rise to lag about 26 
years behind its projected uncontrolled 
rate of rise (Fig. 1). Mankind has thus 
unwittingly been exercising an appreci- 
able control on sea-level rise. For the past 
25 years, continental .storage might 
account for a reduction of as much as 
0.75 mm уг”! in eustatic sea-level rise. 

For the immediate future, human 
ingenuity can undoubtedly find additional 
capacity to expand storage to accommo- 
date 50 years of sea-level rise. An addi- 
tional 5 mm of sea-level equivalent could 
be budgeted to correspond to the 
increased absolute humidity due to 
evaporation from all these reservoirs. We 
project that mankind will exhaust cost- 
effective water storage capacity near the 
middle of the next century, thus requiring 
the emergence of some other means of 
sea-level-rise management technology. 

Although the unintentional sea-level 
management projects already completed 
and underway are indeed impressive, fur- 
ther sea-level management will require 
international cooperation on an un- 
precedented level. To prevent worldwide 
littora! disaster, new projects must be 
planned immediately, and be well under- 
way by the end of this century. All littoral 
nations must work out some system of 
contributing to a fund to support these 
projects. Sea level rise joins ‘death and 
taxes’ as the inexorable fate of mankind. 
This ‘fact of life’ must be addressed and 
soon! 

Dr Albert kleine Bornhorst and Dr 
Michael Siebenhuner of Hannover, and 
Professor Dov Nir of Jerusalem provided 
helpful guidance concerning the Qattara 
and Dead Sea Projects. Dr David H. 
Speidel provided valuable data and wel- 
come direction to sources of information. 
Earlier versions of this paper were read 
by David H. Speidel, Michael R. Ram- 
pino, Les Marcus, Sergej Lebedeff, Shaike 
Bornstein, Ann Kelly and Leonard J. 
Cinquemani. Considerable input came 
from our colleagues at the Goddard 
Institute for Space Studies where W.S.N. 
was a National Research Council Visiting 
Senior Research Associate in 1980-81 and 
has since continued his affiliation. Shaike 
Bornstein programmed and executed the 
figure. The research was supported by the 
Research Foundation of the City Univer- 
sity of New York. This paper is a contribu- 
tion to IGCP-200. 
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The transition region of the Earth's upper mantle, 400-650 km deep, appears to be mineralogically 
and chemically distinct from both the shallow mantle and lower mantle. It contains most of the basalt 


fraction of the Earth's mantle. 











"The transition layer appears to hold the key to a number of 
major geophysical problems" (ref. 1). 


THE Earth's mantle is conventionally divided into three major 
subdivisions: the shallow mantle, the transition region and the 
lower mantle. High seismic velocity gradients extend from 
400 km, the top of the transition region, to ~800 km. The rela- 
tively homogeneous part of the lower mantle starts near 800 km 
and extends to within several hundred kilometres of the core- 
mantle boundary. Major changes in mantle mineralogy occur 
near 400 and 650 km (refs 2-6). The question of whether these 
represent equilibrium ‘phase boundaries in a homogeneous 
mantle^*" or changes іп сһетіѕігу?-!° is fundamental to many 
problems in earth sciences. There is abundant evidence that the 
Earth as a whole is a differentiated body and is inhomogeneous 
on many scales. For example, the extreme concentration of trace 
elements in the continental crust requires efficient extraction of 
these elements from all or most of the mantle'*!>. Nonetheless, 
the chemistry of the mantle remains a controversial issue which 
can be reduced to three basic questions: (1) is the mantle 
homogeneous in composition or is it chemically stratified? (2) 





Table 1 Estimates of cosmic abundances of the major refractory elements 
(expressed as wt% oxides) and estimates of the average composition of the 
subdivisions of the mantle 





Lower 
mantle 
(cosmic- 
Shallow 2096 
Cosmic mantle Transition Iherzolite- 
abundancesggg; (average region 10% 
mantle “°°! егесіне) 9 (piclogite)^? piclogite) 
MgO 36.6 42.2 24.0 36.8 
А10; 3.67 2.05 8.6 3.4 
810, 50.8 44.2 47.0 533 
CaO 2.89 1.92 8.0 2.4 
FeO 6.08 8.29 10.8 48 
Core 
Fe;O 30.1 





The mantle Fe/Mg ratio is assumed for cosmic abundances”®, 


Is the major-element chemistry of the mantle more similar to 
upper mantle peridotites or to chondrites? (3) What is the 
composition of the source region of basalts erupted at mid-ocean 
ridges? We address each of these questions using data from 
cosmochemistry, geochemistry, petrology, seismology and 
mineral physics. 


Chondritic Earth 


There is no a priori reason to believe that the major and refractory 
elements were not accreted into the Earth in cosmic (or solar) 
proportions. But several complicating factors need to be con- 
sidered; for instance, meteorites and, presumably, the terrestrial 
planets are depleted to varying degrees in volatile elements such 
as Na, K, Rb and S. In igneous processes the most refractory 
crystals are MgSiO; (Ca-poor pyroxene) and (Mg, Fe),SiO, 
(olivine) and the more fusible (basaltic) components are rich 
іп CaO, А1;Оҙ and TiO; and the incompatible trace elements, 
both refractory and volatile. Melting and melt separation frac- 
tionate-the major elements, separate peridotite (olivine plus 
pyroxene) from basalt (Ca and Na-rich pyroxene plus an Al-rich 
phase), and concentrate the incompatible elements into the 
liquid fractions. Consequently, extensive melting during 
accretion separates materials having different crystallization 
temperatures and densities. 

As it turns out, the assumption that the Earth has chondritic 
abundances of the major rock- and core-forming elements, with 
oxygen as the light element in the core, provides an excellent 
fit to the first-order parameters of the Earth such as mean density 
and size and density of the core (Table 1). The predicted size 
of the core is remarkably close to the actual size (32 wt%). The 
composition Fe;O for the core not only has the appropriate 
density'® but also represents the amount of FeO that can be 
dissolved іп molten Fe at core pressures!^!?, The core will be 
slightly larger if it contains chondritic abundances of Ni and 
some S or if the mantle is less FeO-rich than assumed. Fe;O, 
being approximately the eutectic composition of melt in the 
Fe-FeO system at high pressure!?, has a low melting point and 
drains to the core. This exercise supports the concept of a 
chondritic Earth for the major elements, which implies a 
pyroxene-rich mantle. 
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Fig. 1 Schematic illustration of differentiation of primitive mantle 


(chondritic) during accretion (low-pressure melting) into melts 

(magma ocean) and refractory residue (xls). Crystallization of the 

magma ocean separates minerals according to their crystallization 

temperature and density, giving a chemically stratified upper 
mantle. 


Figure 1 illustrates the accretional differentiation of a chon- 
dritic Earth. Gravitational energy is delivered to the surface of 
a planet and melting and melt-crystal separation are, at least 
initially, low-pressure processes. À melt layer, or magma ocean, 
crystallizes refractory, low-density olivine, which is concentrated 
in the shallow mantle, in peridotite and Iherzolite. The dense 
mineral garnet, (Mg, Fe, Ca),(AL, MgSi, FeSi, CaSi)Si40,;, 
crystallizes later and sinks. Residual fluid freezes to a 
clinopyroxene-garnet-rich mixture with some olivine, an assem- 
blage we term piclogite. 

Figure 2 gives the chemistry of a ‘cosmic’ mantle and several 
terrestrial rock types. The fields PM are estimates of upper 
mantle chemistry^!??? including pyrolite, a hypothetical mixture 
of basalt and peridotite". Piclogite is the inferred composition 
of the transition region from seismic data?"??, Most mantle rocks 
and magmas fall in the garnet-clinopyroxene-harzburgite 
(mainly olivine) field. Lherzolite and cosmic compositions have 
an orthopyroxene component. Piclogite falls approximately on 
the tie line between mid-ocean ridge basalts (MORBs) (and 
picrite) and harzburgite, thus satisfying a standard assumption 
about the basalt source геріоп''2°; that is, the source of MORB 
contains both basaltic and refractory fractions. Piclogite is close 
in composition to komatiite, a common Precambrian rock type. 

Primitive mantle, with cosmic ratios of refractory elements, 
contains the equivalent of 50% peridotite, 36% orthopyroxene 
and 9-14% MORB (Table 2). If basalts form by melting in the 
shallow mantle, where melt segregation can occur at relatively 
low degrees of melting, the MORB reservoir may contain only 
a small amount of basalt, ~20%. If this reservoir is deeper than 
200 km, melt segregation is more difficult^^?? and extensive 
melting can occur, resulting in instability of the source region, 
adiabatic ascent and extensive melting before eruption at mid- 
ocean ridges or intrusion into the shallow mantle. In this case 
basalt may represent a much larger fraction of the reservoir. 
The transition region, which we argue later is MORB plus up 
to 3096 olivine, represents 1196 of the mantle. The basalt fraction 
of the mantle may not be uniformly dispersed because the 
transition region itself could accommodate most of the basalt 
of the Earth. 

Basaltic melts are buoyant at low pressure but are denser than 
olivine and pyroxene below some 200 km (ref. 24). Crystalliz- 
ation of basalt at high pressure yields dense eclogite. The original 
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Fig. 2 Chemistry of primitive mantle and various products of 
mantle differentiation. Data from refs 15, 19, 20, 22. Piclogite, 
similar in composition to komatiites, satisfies the seismic data for 
the transition region”. Picrite may be the parent magma for 
MORBs (ref. 23). The lower mantle is the result of removal of 
lherzolite and picrite from cosmic abundances. The fields labelled 
PM refer to petrological models of the upper mantle (refs 7, 19, 
20). Lherzolite (LZ) and harzburgite (HZ) are representative of 
shallow mantle peridotites. PICR., picrite; ECL., eclogite; STP, 
spinifex-textured peridotites. The shaded areas represent the most 
abundant rock types. Dashed lines enclose the HZ, Cpx, garnet 
field. The oxides (ordinate) are plotted against MgO (abscissa). 


stratigraphy of the mantle would therefore be, from the top 
down, basalt, peridotite, eclogite and, at great depth, olivine 
orthopyroxenite, the high-pressure residual of the original 
differentiation. This is a gravitationally stable configuration 
except that when eclogite partially melts it becomes buoyant 
because of the elimination of garnet. 

If the upper 400 km of the mantle is lherzolite!® and the 
transition region is piclogite?'??, the composition of the lower 
mantle (Table 1) is considerably enriched in Si compared with 
lherzolite. The lower mantle in this model is 85 wt% MgSiO, 
and 7.4 мі% (Mg, Fe)O. Upper mantle Iherzolite, by contrast, 
has 22.2 wt% (Mg, Fe)O. 

The measured Mg/Si ratio of peridotite is higher than in any 
meteorite class. This has been attributed to volatility and net 
depletion of the mantle in Si (ref. 26). However, basalt extraction 
causes an increase in Mg/Si and a decrease in density of the 
residue; this residue will therefore concentrate in the shallow 
mantle?"??, Ca-Al-rich chondrites are depleted in volatiles but 
still have a lower Mg/Si ratio than Iherzolites. There is no reason 
to suppose that the Earth's mantle is depleted in Si but several 
reasons to suspect that upper mantle lherzolites have been 
depleted in Si by removal of basalt. Chondritic ratios of Ca/AI 
and Al/Mg limit the amount of basaltic material. 
Orthopyroxéne, a possibly important constituent of the lower 
mantle, is required to achieve chondritic ratios of Mg/Si. 

The mantle+crust is depleted in volatile elements relative to 
carbonaceous chondrites!^!5?!, Assuming that refractory ele- 
ments occur with cosmic ratios, it is possible to estimate the 





Table 2 Components of primitive mantle (wt%) that yield chondritic 
ratios of refractory lithophiles 





Model 1 Model 2 
Continental crust 0.55 0.55 
Peridotite 52.2 49.2 
Orthopyroxenite 38.0 35.4 
Basalt (MORB) 9.3 14.4 
Kimberlite 0.19 0.17 





Composition of components from refs 15, 19, 79. 
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Table 3 Composition of primitive mantle based on multi-component petrological models 





Mantle 

Cosmic Model 1 
Mg (%) 21.3 21.1 
А (96) 19 19 
Si (96) 23.1 22.9 
Ca (96) 2.0 2.0 
Ti (96) 0.1 0.08 
Sr (p.p.m.) 17.3 13.3 
Ba (p.p.m.) 49 6.2 
La (p.p.m.) 0.51 0.60 
Yb (p.p.m.) 0.35 0.37 
Th (p.p.m.) 0.06 0.064 
U (p.p.m.) 0.02 0.019 
Li (p.p.m.) 3.4 2.0 
Na (96) 1.1 0.12 
K (95) 0.12 0.035 
Rb (р.р.т.) 4.97 0.41 
Cs (p.p.m.) 0.41 0.02 

Ratios 
Mg/Si 0.92 0.92 
Ca/AI 1.07 1.07 
Mp/ Al 113 114 
La/ Yb 1.48 1.61 
Ce/ Yb 3.87 3.43 
Rb/Sr 0.288 0.031 


p.p.m., parts per 106, 


major- and trace-element chemistry of the mantle from various 
observed products of mantle differentiation". Attempts to do 
this with three-component systems (crust, basalt and peridotite 
for major elements"; or crust, depleted mantle and primitive 
mantle in isotope studies???^) fail to give chondritic ratios for 
all refractory lithophile elements or for key major-element ratios 
as Mg/Si. To span the trace-element and isotope chemistry of 
basalts and the major-element chemistry of ultramafic rocks, it 
is necessary to involve at least four components'. The crust is 
also an essential component of primitive mantle. We therefore 
treat primitive mantle as a five-component system (crust, basalt 
(MORB), enriched magma (kimberlite or ocean-island basalt), 
lherzolite and pyroxenite) and solve for the mixing ratios which 
give chondritic ratios for the refractory lithophile elements. 
Typical solutions are given in Table 2. The peridotite component 
varies from ~47 to 60% depending on its fertility (that is, Al,O, 
and CaO content). The enriched component is ~0.2% if it is 
similar to kimberlite and somewhat more if it is similar to 
ocean-island basalts or recycled crust. The MORB content of 
primitive mantle ranges up to 14 wt96, the amount depending, 
again, on the fertility (or basalt content) of the peridotite. 

The continental crust contains >30% of the large and high- 
valence ions (Table 3). MORB is complementary to continental 
crust, being depleted in the very incompatible elements and 
enriched in Ca, Al, Hf, Yb, Y and other elements that substitute 
for Al and Ca in garnet. The enriched mantle component, 
required because of the enriched nature of ocean-island 
basalts?5, xenoliths?5 and kimberlites??5, may represent subduc- 
ted crust or materíal left over from inefficient melt removal from 
the mantle. We use kimberlite to model this material but, for 
most elements, continental crust or ocean-island basalts would 
serve as well. Table 3 gives results from two mass-balance 
calculations, including the fraction of various elements con- 
tained in the crust and in the basalt part of the MORB reservoir. 
The extreme enrichment of some elements in the continental 
crust provides strong evidence against a substantial primitive, 
undifferentiated reservoir in the mantle. The whole mantle must 
be processed to obtain these enrichments; most of the mantle 
must therefore be depleted in these elements. The most efficient 
way to accomplish this separation is during the melting and 
vaporization associated with accretion. Stripping incompatible 


% Of element in: 


Model 1 Model 2 
Model 2 Crust MORB Crust MORB 

21.4 0.1 2.6 0.1 4 

1.9 2.8 46 2.4 69 
23.3 0.6 9.5 0.7 15 

2.0 1.5 43 0.9 67 

0.12 3.4 56 17 58 
13.4 17 36 21 56 

8.0 31 6 49 7 

0.57 18 16 27 26 

0.26 3 42 3 93 

0.051 41 4 55 8 

0.015 35 9 47 19 

2.6 3 56 2 67 

0.13 12 33 13 49 

0.017 19 8 56 27 

0.50 56 4 68 5 

0.01 62 1 67 2 

0.92 

1.03 

11.1 

2.19 

4.31 

0.037 


elements out of the mantle by subsequent melting is much less 
efficient—the last fraction of melt is difficult to remove. The 
concentration of W, Cs, Rb and Th in the continental crust is 
such that >50% of the mantle must have been completely 
stripped of these elements. The MORB source contains a large 
fraction of the mantle's inventory of Al, Ca, Ti, Sr, Li, Na and 
the heavy rare-earth elements (HREE) and high concentrations 
of the light rare-earth elements (LREE), Sr, Y, Zr, Hf, Na, Li, 
U and Ta. These elements are presumably sequestered at depth 
in clinopyroxene and garnet, the major minerals of eclogite. The 
continental crust is excessively enriched in elements with large 
ionic radius or high charge, whereas MORB is enriched in 
elements with ionic radii between АІ?" and Ca?*. 

These results strongly suggest an extensively differentiated 
Earth, probably involving a deep magma ocean in early Earth 
history. In contrast to the Moon, the terrestrial crust is trivial 
in volume. It does not contain most of the Са?" and АР” of the 
planet and it is deficient in elements which can be removed 
from a melt by the crystallization of garnet and clinopyroxene. 
MORBs are enriched in these elements, suggesting that they are 
melts from a deep eclogite-rich layer, the terrestrial equivalent 
of the thick lunar crust. The fact that the roots of mid-ocean 
ridges can be traced by seismic techniques to depths of the order 
of 400 km??-? and that the transition region appears to be 
garnet-rich rather than olivine-rich?! 2??, support the notion 
that the transition region is the major basalt reservoir. The 
transition region would then contain much of the mantle inven- 
tory of the HREE, Al, Ca, Ti, Sr, Li and Na, leaving a lower 
mantle depleted in Ca, Al, Ti and incompatible elements includ- 
ing U, Th and K. If the shallow mantle is predominantly residual 
or cumulate olivine, the most refractory mantie mineral at low 
pressure, the lower mantle will be even more pyroxene-rich than 
primitive mantle. Trace element-modelling (including rare-earth 
elements, REE) of MORB genesis requires that most of the 
garnet and clinopyroxene in the source be consumed by the 
melting process”, 


Upper mantle and 400-km discontinuity 


The upper mantle includes the seismic lithosphere, which 
averages ~40 km in thickness under ocean basins“ and 150 km 
under stable shields?. The shield lithosphere and the top of the 
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oceanic lithosphere һауе seismic properties consistent with peri- 
dotite^*. The lower oceanic lithosphere may be garnet- rather 
than olivine-rich®“*. The 150-km-thick shield lithosphere is 
probably buoyant with respect to oceanic lithosphere and the 
underlying mantle, which explains its long-term stability*é. 

Seismic velocities decrease at 20-50 km under oceans and 
150 km under shields, indicating a change in mineralogy and, 
for some regions, the presence of a melt phase. Seismic velocities 
are so low in some regions that partial melting is implied to 
depths at least as great as 300 km (ref. 46). Under some mid- 
ocean ridges low velocities extend to 400 km (refs 39-42). 

Seismic velocities increase abruptly at 400 km, which is usually 
attributed to the olivine-spinel phase change. However, the 
velocity jump associated with this transformation ^^? is ~20% 
and is spread over an appreciable depth interval^^??? whereas 
the observed jump is 4-5% and is rather abrupt. The other 
important minerals of the mantle, pyroxenes, transform to garnet 
solid-solution assemblages (garnetite), primarily between 350- 
400 km for orthopyroxene???? and somewhat greater depth for 
clinopyroxene”. The associated velocity increase is greater than 
for the olivine-spinel transformation$^9"; this places an upper 
bound on the olivine plus orthopyroxene content of the mantle 
near 400 km. Garnet and possibly jadeite (NaAISi;O;) survive 
to high pressures?^, dilute the effects of the other minerals and 
reduce the size of the discontinuity. If the mantle above 400 km 
is mostly olivine and orthopyroxene, the 400-km discontinuity 
must involve a change in chemistry. 


Transition region 


In early seismological models the transition region was charac- 
terized by a rapid but smooth increase in seismic velocities 
between 400 and 1,000 km depth. As the quality of seismic data 
improved, the transition region was found to be more complex 
than originally thought. Abrupt changes in velocity were found 
at —400 and 650 km (refs 55-60). Recent models*4^^* have 
velocity jumps of 4-696 at each discontinuity, high gradients 
between the discontinuities and below the deeper one to —750 
or 800 km (refs 41, 42, 44). 

The major minerals in shallow mantle peridotites are olivine 
[(Mg, Fe):SiO,] and orthopyroxene [(Mg, Fe)SiO;]. Olivine 
collapses to the 6-spinel structure at ~400 km, with a large 
increase in density and elastic properties, and to y-spinel at 
—500 km, with a small change in physical properties*’. Phases 
with lower seismic velocities are required to satisfy the seismic 
constraints. Garnet and clinopyroxene, a solid solution of diop- 
side [Ca(Mg, Ее)51,0,] and jadeite, have the appropriate 
characteristics, but these are minor minerals in peridotite. 
Orthopyroxene transforms to a garnet-like phase, majorite, start- 
ing at ~300 km. The modulus of majorite” is much higher than 
garnet or spinel and the modulus in the transition region? ?^8 
would exclude a spinel-majorite mineralogy (but see ref. 100). 

The seismic properties of B- and y-spinel are similar*^^* and 
only a small discontinuity would result from the B- y transforma- 
tion. The orthopyroxene-majorite transition is complete at 
depths of the order of 400 km (refs 50-53). The only further 
transformation expected at transition-zone pressures is the gar- 
netite-to-ilmenite structure phase change, which probably gives 
a slight increase in velocity. Aside from a change in chemistry 
the only way to explain the low velocities and high gradients 
in the transition zone is that clinopyroxene transforms to a 
Ca-rich garnet-like phase analogous to majorite. This transition 
is spread out over a broad pressure interval and is much deeper 
than the corresponding transition in orthopyroxene”. Thus, the 
velocities, the velocity gradient and the great depth of the 
mixed-phase region all argue for a clinopyroxene-garnet-rich 
transition region, with the clinopyroxene gradually changing to 
a Ca- and Si-rich garnet. Whether the above inferences are 
plausible depends on the high-pressure stability of 
clinopyroxene and garnet. 

There have been several attempts to model the seismic 
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Fig.3 Compressional (У,) and shear (V,) velocity as a function 
of depth for PREM (triangles?) and for various petrological 
models, using finite strain theory™ and parameters summarized in 
refs 22 and 50. Phase relations modified from refs 5, 50, 52, 53, 
including the pressure correction of ref. 50. The rapid increases in 
velocity are caused primarily by orthopyroxene-majorite, olivine- 
spinel, clinopyroxene-majorite, spinel to perovskite plus mag- 
nesiowustite and garnet-majorite to perovskite. The garnet- 
ilmenite transition is ignored. Piclogite contains more olivine and 
less garnet than picrite and eclogite. Heavy solid lines, piclogite; 
thin solid lines, pyrolite; long dashed lines, picrite; dot-dashed 
lines, eclogite; short dashed lines, a garnet pyroxenite. If the new 
K, value for majorite (ref. 100) is used instead of the Jeanloz value 
(ref. 61) then the velocities in pyrolite are lower but the shape and 
gradient are still wrong. PREM, preliminary reference Earth model. 


velocities in the transition region for olivine- and orthopyroxene- 
rich (for example, peridotite) compositions?" ^ using mineral 
physics and phase-equilibrium data”*!°7!"*, The velocities, 
gradients and discontinuities are not well matched by 
homogeneous peridotite models. Using current estimates of 
appropriate phase diagrams^^ 1??? and finite strain theory$^ e 
we have calculated seismic velocities for several mineralogical 
assemblages (Fig.3). Picrite and eclogite are garnet- and 
clinopyroxene-rich rocks with different garnet/clinopyroxene 
ratios. The composition of piclogite is given in Table 1 and 
Fig. 2. It is clear that the velocities in pyrolite are higher than 
observed. The heavy solid line, piclogite (Fig. 3), results from 
an attempt to satisfy the velocities between 200 and 650 km by 
a single, homogeneous mineralogy. Note that the 400- and 
650-km discontinuities are not well matched. It seems therefore 
that neither of them can be modelled as equilibrium phase 
boundaries. Eclogite and piclogite, with appropriate gar- 
net/clinopyroxene ratios, satisfy the data between 400 and 
550 km. In the eclogite model the 400-km discontinuity would 
be a chemical change from peridotite to eclogite. In the piclogite 
model the discontinuity is mostly caused by the olivine-8 transi- 
tion. Piclogite contains 30 wt% olivine. 

Weidner? calculated seismic velocities in the transition region 
and his results apparently support the pyrolite model for depths 
between 400 and 500 km. He assumes, however, that majorite 
has the same shear modulus, G, as garnet despite the fact that 
the bulk moduli, K,, differ by 720976. Our estimate of K,/G 
for majorite, 1.86, is similar to other garnets and in the typical 
range for Fe-poor silicates. Weidner’s value, 24% greater, is 
representative only of Fe-, Co-, Cd- and Ge-rich compounds, 
but these have very low K, compared with majorite. Fe-poor 
and high-K, oxides and silicates all have К/С « 1.9. Weidner's 
model also has appreciable orthopyroxene, a low-velocity phase, 
present to depths as great as 500 km, whereas orthopyroxene 
has transformed to majorite by 400 km in our calculations. Below 
500 km the two studies agree in that the compressional velocity 
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Fig. 4 Density versus depth calculated for various petrological 
models along the 1,400 °C adiabat. Note that piclogite and eclogite 
are gravitationally stable in the transition region and olivine-rich 
assemblages, such as pyrolite, are stable in the shallow mantle. À, 
PREM. Heavy solid line, piclogite; thin solid line, pyrolite; dashed 
line, eclogite. 


for pyrolite exceeds the seismic values. Even if majorite has 
elastic properties similar to garnet’ the velocities in pyrolite 
would be too high below 400 km. 

It is interesting to compare the density profiles for pyrolite, 
piclogite and eclogite (Fig. 4). Eclogite and piclogite have low 
densities to ~670 km and approach lower mantle values near 
750 km. The seismic resolution of density is poor but the strong 
reflector near 650 km implies an abrupt jump in density as well 
as in velocity. None of the isochemical models has this charac- 
teristic, but a chemical change from eclogite or piclogite to 
MgSiO,-perovskite would have the correct magnitude of jump. 
The density jump in a pyrolite mantle is large but diffuse, and 
the changes in elastic properties are also probably diffuse. There- 
fore, phase changes in pyrolite do not explain the 650-km 
discontinuity. Note that piclogite and eclogite are less dense 
than pyrolite and the mantle between 670 and 750 km. Eclogite- 
rich assemblages will therefore be unable to sink into the lower 
mantle. Ringwood® reached the opposite conclusion because 
of the large amount of stishovite (a dense polymorph of SiO;) 
in his quartz eclogite and because he assumes that CaSiO, forms 
perovskite, rather than garnet-majorite, and that it is denser 
than the lower mantle. It is more likely that CaSiO, is present 
in diopside or garnet rather than as an isolated phase. Refractory 
peridotite is less dense than fertile peridotite or piclogite and 
will concentrate in the shallow mantle. The bulk of the material 
subducting into the transition region may be eclogitic, possibly 
an important constituent of the lower oceanic lithosphere. 

The main disagreement between piclogite and seismic data is 
the increase of the velocity anomaly V, in piclogite at a depth 
of 550 km caused by the garnet-perovskite phase change. It is 
probable that garnet transforms to perovskite via an intervening 
field of lower-velocity ilmenite. A thermal boundary layer at 
650 km combined with a positive Clapeyron slope would also 
increase the depth of this phase change. The mineralogy implied 
by the seismic velocities can be used to calculate the density 
contrasts across the 400- and 650-km transitions. These are 3 
and 10%, respectively. The effect of temperature, including 
phase changes and partia! melting, can reverse the density 
contrast at 400 km but is unlikely to be able to do so at 650 km. 
A chemical change at 650km, perhaps depressed to 720km 
under subduction zones®’ and elevated to 620 km in warmer 
parts of the mantle™, is consistent with the abrupt termination 
of seismic activity”, the focal mechanisms of dee 
earthquakes”? and the deep resistance encountered by slabs”. 


Lower mantle mineralogy 


The 650-km discontinuity was discovered and characterized © 
in the 1960s and is therefore one of the most recently mapped 
major features of the mantle. In the context of an olivine-rich 
mantle the discontinuity was interpreted as a phase change from 


REVIEW ARTICLE AUS хас 





the spinel form of olivine to a hypothetical post-spinel phase, 
with silicon in octahedral coordination and an increase of FeO 
content”*. Thus, from the beginning, there has been an element 
of both a phase change and a chemical change associated with 
the interpretation of this boundary. Uncertainties in crystal 
structures and elastic properties of high-pressure phases, 
however, made it difficult to exclude a purely equilibrium-phase 
boundary. This interpretation required a strongly negative 
Clapeyron slope for the reaction? and a particularly high density 
and bulk modulus for the post-spinel phase^". Later work 
showed that the density and elastic properties of the lower 
mantle were higher than the post-spinel phase. A lower mantle 
Stoichiometry closer to pyroxene than to olivine, and closer to 
chondritic than to peridotitic, was proposed**- 55, Although it 
is difficult to estimate the FeO content of the lower mantle", 
variations in the SiO, content have large effects on the seismic 
velocities'', whether the SiO, is in stishovite or perovskite?!! 13, 

The 650-km discontinuity is a good reflector of short-period 
seismic energy. To be a good reflector requires a large increase 
in density and velocity over a small fraction of a wavelength, 
perhaps 3-4 km (refs 62, 68, 75, 76). Most phase changes in 
mantle silicates are second order and are spread over 20 km or 
more??, Reflections and conversions of seismic waves have been 
reported from depths ranging from —590 to 720 km (refs 67-69, 
75). Thus, there is a possible range of 130 km in the depth of 
the 650-km discontinuity. 

Earthquake activity terminates abruptly near 670 km. Detailed 
studies indicate that the Tonga- Fiji slab encounters a barrier at 
670 km, then shortens and thickens"!. The transition to horizon- 
tal shear in the deepest part of the seismic zone is evidence of 
the strong resistance experienced by subducted material at the 
discontinuity. Material appears to move laterally rather than 
vertically at the base of the seismic zone”. High velocities below 
some deep-focus earthquakes in the Kuriles’’ could be caused 
by anisotropy, with high velocities in the flow plane, or to 
deformation of the interface (ref. 78; B. Marsh and B. Hager, 
personal communication) and detachment of a boundary layer 
at the top of the lower mantle. 

In a cold slab the stable form of orthopyroxene below some 
570 km is the ilmenite rather than the garnet structure”. IImenite 
is remarkably anisotropic? (16% for ү, 34% for Vt. If it 
crystallizes with its principle axes in the plane of the slab, then 
seismic waves travelling down dip and along strike will be very 
fast compared with waves that travel along the slow intermediate 
directions or exit the slab early to enter the warmer adjacent 
mantle with lower velocity and more isotropic phase assem- 
blages. This would give residuals having similar characteristics 
to a deeply penetrating slab. Craeger and Jordan” use observa- 
tions on olivine-rich rocks to dismiss the importance of 
anisotropy, but olivine, of course, is not stable at the required 
depths. Ilmenite differs from olivine іп the manner required to 
explain the observations, in particular in the magnitude and 
orientation of the S-anisotropy, without requiring slab penetra- 
tion into the lower mantle. The deep slab penetration model" 
requires a large (596) velocity anomaly in the slab at great depth, 
much larger than found at shallower depths?'. Actually, slab 
material may be less dense and have slower seismic velocities 
than the lower mantle (Fig. 4), particularly if ilmenite is present. 
The high gradient of seismic velocity between 650 and 750 or 
800 km implies a high density gradient. Slabs may therefore 
penetrate — 100 km into the lower mantle before they become 
buoyant. A similar amount of depression of the boundary by 
the cold slab is also possible. Crumpling of the slab at 650 km 
(ref. 71) will destroy its slab-like character even if it can sink 
into the lower mantle. The correlation of geoid highs with 
subduction regions also indicates a strong resistance of slab 
material to penetration into the lower mantle”. The 650-km 
discontinuity may be composed of two reflectors 40 km apart?" 
which may be further evidence for a slab lying on the discon- 
tinuity/ 72, 
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There is general agreement that a change in mineralogy (that 
is, change in crystal structure or phase) occurs near 650 km. 
Early thermochemical models viewed the discontinuity as an 
equilibrium phase boundary between olivine in the spinel struc- 
ture and a homogeneous post-spinel phase having the properties 
of the constituent oxides. The nature of this post-spinel phase 
was unknown. Analogue and shock-wave data ultimately lead 
to the proposal that (Mg, Ғе)51О; (perovskite) and (Mg, Fe)O 
are the dominant phases?^-*^. Perovskite is stable at depths 
2750 km and at lower pressure if the Clapeyron slope is nega- 
tive*?-?*, Perovskite was predicted to have a slightly higher bulk 
modulus than the mixed oxides*"" and this is confirmed by 
recent measurements??, The lower mantle, below 800 km, had 
velocities in excess of those predicted for peridotite and con- 
clusions regarding a pyroxene-rich mantle were supported*!, 
The conclusion that the lower mantle is pyroxene-rich is 
independent of the mineralogy, that is, perovskite + (Mg, Fe)O 
or (Mg, Fe)O + stishovite. The uncertainties in the elastic proper- 
ties of the two assemblages overlap. 

Three methods have been used to infer lower mantle composi- 
tion: (1) extrapolation of laboratory data to lower mantle condi- 
tions?'?: (2) comparison of seismic and shock-wave дала 2. 
and (3) extrapolation of seismic data to standard condi- 
Поп”, The last method is the most accurate and involves 
the fewest assumptions. The seismic data themselves are used 
to estimate density, elastic properties and pressure derivatives 
and to test for adiabaticity and homogeneity. 

The seismic parameter ®= K,/p — У2— (4/3) 2, inferred 
from seismic, compression and ultrasonic data, is a useful diag- 
nostic of crystal structure and SiO, content (K,, p, V, and V, 
are the bulk modulus, density, compressional and shear 
velocities, respectively.) The variation of with depth in most 
of the lower mantle is consistent with the assumptions of 
homogeneity and adiabaticity! 9? which are required to extrapo- 
late to pressure (P) = 0 to obtain Ф, and ро. The major minerals 
of the lower mantle can have similar densities!^*6 but quite 
different Ф. 

Si coordination and the Si-O bond distance are the same for 
perovskite and stishovite?*. Therefore, K, and Ф of the lower 
mantle depend on SiO, content and are nearly independent of 
details of the mineralogy. SiO,, whether in perovskite or 
stishovite, increases whereas CaO, FeO and MgO decrease 
it. Tables 4 and 5 give ® values for possible lower mantle 
assemblages including Iherzolite, undepleted and depleted cos- 
mic mineralogies and pure MgSiO, (perovskite). Also given is 
the seismic Ф corrected for temperature and pressure; , (P = 0) 
is 54+2 кт? 572. Assuming an adiabat (temperature Ту- 
1,400-1,800 °C) yields Фо in the range 62+3 km? s ?. Olivine, 
with equal molar proportions of MgSiO, (perovskite) and 
(Мғво,8Ғео)О, gives 52 km? s ?. Pure perovskite gives 63 km? s~2. 
Clearly, By for an olivine or lherzolite lower mantle is too low; 
the pyroxene and cosmic models, with SiO, > 52 wt %, provide 
a good fit. The differentiated cosmic model is cosmic composi- 
tion minus a lherzolite shallow mantle and a piclogite transition 
region. Barren cosmic is calculated by removing all of the 
basaltic fraction from primitive mantle. The increase in Ф аѕѕосі- 
ated with phase changes in lherzolite (y-spinel+ majorite) to 
the post-spinel phases is too small to be consistent with the 
observed increase unless the K, (majorite) of ref. 61 is too 
high.'°° There is a trade-off between the effects of composition 
and temperature'*°®*’, but the low value of thermal expansion 
implied for perovskite in a pyrolite model?" is unlikely®®. Thus, 
the composition of the lower mantle is consistent with a 
differentiated chondritic Earth model. 


Surface-wave tomography 


Surface-wave tomography*”*™** has put regional seismic studies 
into a global context. The low-velocity layer is not a uniform 
global layer of constant thickness. It rises to the near surface 
under young oceanic, back-arc and extensional regions and is 
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Table 4 Seismic parameter Ф at P —0 





(km s~!)? 

Lower mantle 

High temperature 53.4 

Corrected for temperature 63 +2 
Perovskite 62-6 
А1,0; 63.4 
SiO, (stishovite) 73.7 
MgO 47.4 
(МрозЕео2)О 40.8 





Data from refs 11, 12, 50, 61, 87, 94, 99. 





Table 5 Composition and seismic parameter for minerals, mineral 
assemblages and the lower mantle 





510, MgO АО; Ф 
wt 96 (km 571)? 

Transition region minerals 

y-Spinel 43 57 0 50.3 

Majorite 60 40 0 62.5* 
Lower mantle assemblages 

lherzolite 44.8 42.8 2.08 . 552 

Post-spinel 43 57 9 55.4 

Perovskite 60 40 0 53.4 
Cosmic 

Undifferentiated 50.8 36.6 3.67 58.3 

Differentiated 52.4 38.7 2.64 59.2 

Barren 50.4 44.3 0 58.0 
Lower mantle observed 6342 





* Ref. 61. Ф =45.5 from ref. 100. 


deep, >150 km, and less pronounced under shields. In many 
regions low velocities can be traced down to the transition 
region, although the global pattern below 400 km bears little 
relation to surface tectonics. Partial melting is implied for the 
slower regions 6. The low velocities associated with magmatic 
centres seem to be broad upwellings originating at depths at 
least as great as 400 km. 

The most pronounced regions of inferred upwelling in and 
above the transition region are: North Atlantic, Darwin Rise, 
North-East Africa and South-East Asia. Most of these have low 
velocities at the top of the lower mantle?", lie in geoid highs 
and have high average elevations. The correlation with velocities 
at the top of the lower mantle indicates that material could be 
rising through the 650-km discontinuity or that hot regions in 
the lower mantle control the locations of hotspots in the upper 
mantle. 

Thus, seismic tomography has provided both the first global 
view of the structure of the mantle and evidence that it is not 
a simple layered system. Heterogeneities in velocity and 
anisotropy imply that magmas are generated from reservoirs 
deep in the upper mantle or transition region. The recognition 
that mid-ocean ridges are deeply rooted suggests that entrain- 
ment and melting of shallow mantle, and magma mixing, could 
be associated with the uplift of the MORB source or ascent of 
its separated magma. The view that emerges is of broad, deep 
upwellings, some of which are associated with ridges and con- 
tinental rifts. Oceanic crust and other extrusives probably rep- 
resent only a small fraction of the molten material delivered to 
the upper mantle. The rest presumably spreads laterally and is 
available for off-ridge volcanism and underplating of the lithos- 
phere. The oceanic lithosphere may, in fact, thicken by under- 
plating of material similar to the parent magma of oceanic 
basalts, giving a dense, eclogite lower lithosphere. The view of 
a homogeneous partially molten peridotitic asthenosphere 
extending to ~200 km and passively providing basalts to mid- 
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ocean ridges clearly must be abandoned. The MORB source is 
much deeper but the shallow mantle may be the holding tank 
for large amounts of picritic material and the repository for light 
differentiation products of all ages, including peridotite. 


Discussion 


There are no inconsistencies with a chondritic Earth when the 
major and refractory elements are considered. The silicon 
deficiency hypothesis is unnecessary. Seismic data are consistent 
with a differentiated Earth having a peridotite shallow layer, a 
basalt-rich transition region, a pyroxene-rich lower mantle and 
: a dynamically stratified upper mantle. Isotope data show that 
mantle inhomogeneities are ancient, possibly developing during 
the accretion of the Earth and its high-temperature early history. 
The energy of accretion is adequate to melt or even vaporize 
the infalling material. A thick early atmosphere and buoyant 
insulating layers in the upper mantle would delay crystallization 
of melts trapped at depth and promote gravitational stratification 
during accretion, cooling and crystallization. 

Much of the discussion of whole mantle against layered 
convection focuses on the roles of viscosity, mean atomic weight 
and phase changes. These effects alone can probably not prevent 
whole-mantle convection. On the other hand, an isoviscous 
mantle with constant mean atomic weight can be chemically 
stratified. For example, a differentiated planet with a feldspar- 
rich crust, an olivine-rich shallow mantle, a garnet-rich transition 
region and a perovskite lower mantle is gravitationally stable. 
Variations іп SiO;, MgO and ALO;, which have similar mean 
relative molecular mass, control the stable mineral assemblages 
which, in turn, determine the intrinsic density and seismic 
properties. 

Chemical stratification of the mantle is a natural consequence 
of melting and melt-solid separation. Basalts and cumulates are 
examples of these processes; the crust and core are more global 
manifestations. Convective stirring to maintain or regain 
homogeneity is a process for which there is little support. A 
chemically stratified mantle does not imply that each layer is 
isotopically homogeneous on a global basis. Mixing and 
homogenization may take place in a given convection cell or 
between adjacent cells but there is little communication between 
opposite sides of the Earth. In a dynamically stratified Earth 
the shallow mantle is enriched at various times by subduction 
of sediments and altered oceanic crust, and by upward migration 
of melts. À deeper reservoir may provide the bulk of the material 
erupting at oceanic islands, mid-ocean ridges and mid-plate 
environments. 

A garnet- and clinopyroxene-rich region is stable at depth 
when it is cold but is buoyant when it is hot or partially molten. 
Therefore, it can be responsible for both radial and lateral 
inhomogeneity in the upper mantle. The broad stability field of 
garnet-majorite prevents it from converting to perovskite and 
sinking into the lower mantle. Although the lower mantle may 
be convecting, it can be isolated chemically, but not thermally, 
from the upper mantle because of its high intrinsic density. In 
contrast, the density differences between the shallower layers 
can be reversed by high temperature, partial melting and phase 
changes. 

Differentiation of the Earth leads to boundaries which separ- 
ate materials differing in both mineralogy and composition. 
Basaltic melts rise until they become neutrally buoyant or until 
trapped by the lithosphere. Subducted basalt and melts intruded 
at depth convert to eclogite arid sink. Phase changes in basalt- 
eclogite occur at different depths from those in olivine- and 
orthopyroxene-rich materials. Thus, if the 650-km discontinuity 
were initially an equilibrium-phase boundary in a homogeneous 
mantle, subducted eclogite or a piclogite cumulate would not 
be able to sink through the boundary if the transformation of 
СаО-А1,Оҙ-Ма;О-гісһ garnetite to denser phases occurs at 
greater pressure or results in less-dense minerals than involved 
in the original equilibrium phase boundary. 
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We refer to the mantle as dynamically stratified in contrast 
to the static layering which is the ultimate fate of a cooling 
planet. When the intrinsic density difference between reservoirs 
is smaller than temperature-induced variations in density, over- 
turn can occur. These density variations are caused by thermal 
expansion and by phase changes such as basalt-eclogite, exsol- 
ution of pyroxene and partial melting. Thus, piclogite or fertile 
peridotite is denser than residual peridotite when cold but can 
be less dense when hot. Adiabatic ascent of the deeper material 
can cause melting in both layers, entrainment and mixing leading 
to a lumpy shallow mantle, and magmas which span a large 
chemical and isotope range. Crystal fractionation of hybrid 
magmas before eruption induces even more spread in their 
geochemical characteristics. These phenomena, as well as sub- 
duction, create isotope heterogeneities in the shallow mantle. A 
dynamically stratified mantle and а shallow mantle, 
heterogeneous on all scales, can coexist. The high density of 
cold eclogite, and the low density of hot eclogite or basalt, 
however, means that material of basaltic chemistry will event- 
ually separate from material of peridotite chemistry with only 
the smaller basaltic accumulations being potentially trapable in 
the shallow mantle. 
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A common feature of Drosophila homoeo box genes appears to be their spatially restricted expression patterns during 
morphogenesis. Using Northern blot analysis and in situ hybridization to mouse tissue sections, the spatially restricted 
expression of a newly identified mouse homoeo box locus, Hox-3, within the central nervous system of newborn and adult 


mice has been demonstrated. 





THE morphogenetic events which result in the segmented body 
plan of the fruit fly Drosophila melanogaster have been subjected 
to detailed genetic analyses. The genes controlling the segmenta- 
tion processes and the identity of different segments are referred 
to as segmentation and homoeotic genes, respectively!?. The 
recent cloning of some of these genes located in the bithorax 
(BX-C) and Antennapedia (ANT-C) gene complexes^^ has 
allowed the study of their molecular structure. One outcome of 
these structural analyses has been the detection of cross- 
homology between different homoeotic and segmentation genes. 
The best characterized cross-homology is known as the homoeo 
box, which encodes a highly conserved protein йотаіп'-!! that 
appears to be preferentially localized in the Drosophila genome 
within loci controlling fly morphogenesis. How this conserved 
sequence is related to the homoeotic or segmentation functions 
of these morphogenetic loci is not yet known. 

Highly conserved copies of homoeo box sequences are found 
in a wide variety of animals, including mammals™!?-"4, The 
possibility that the mammalian and fly genes might perform 
similar morphogenetic functions is so far supported only by 
superficial similarities in their time of expression during embryo- 
genesis?! their tissue-specific expression during embryonic”, 
postnatal”! and adult ѕіареѕ!?-?!, their transcriptional activity in 
differentiated embryonic carcinoma cells from mouse and 
тап!!! as well as in the clustered organization of homoeo 
box genes in both Drosophila and mammals!^!^!??!, ш D. 
melanogaster, the transcripts encoded by different homoeo box 
genes accumulate in regionally localized subsets of cells during 


embryonic and larval development’®”?-??, The detection of 
similar patterns of mouse homoeo box gene expression during 
embryogenesis would be expected should the genes perform 
functions analogous to those of the Drosophila homoeo box 
gene family. 

We report here the structural analysis of a murine homoeo 
box which we have mapped to chromosome 15. Analysis of the 
transcriptional activity of this newly identified homoeo box locus 
provides evidence for spatially restricted expression in a specific 
anterior-posterior region of the mouse central nervous system. 


Isolation and structure of clone 


A library of mouse genomic DNA in A Charon 28 was screened 
under reduced stringency conditions with homoeo box- 
containing probes derived from the Antennapedia (Antp) and 
Ultrabithorax ( Ubx) genes of Drosophila’. Nine separate recom- 
binants were isolated after screening 10° A clones (approxi- 
mately three genome equivalents). The results presented here 
concern one of these clones, originally named A Mo-EA. A 
restriction map of this clone obtained with six different restric- 
tion endonucleases is shown in Fig. 1a. The 2.2-kilobase (kb) 
BamHI- EcoRI restriction fragment at the left end of the phage 
insert contains the homoeo box homology and was subcloned 
in the pSP64 vector system. The subclone, designated pMo-EA, 
was analysed for further restriction sites with two additional 
restriction enzymes, Нае and НіпП (Fig. 1a). The homology 
to the homoeo box sequences from Drosophila ( Ubx and Antp) 
is confined to a 320-base-pair (bp) НаеШ- HaellI fragment in 
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Mouse-EA AGA CAT AAC CAG АСТ GGG GTT CTG TTC TGT TCA GCT ССТ GGG 
Antp АТТ TAC TTG GAA CCA АСА GAA 
Ubx TCT ACA GGT ACA AAT GGT CTG 
Mouse-10 GGA CCG CCT GGG САС ССС ТОО 
m6 ТТС ТСТ АТС ТАТ ATG TCC ААА ТТТ CTG TIC СТА GGA ССС САС 
A — ss —— ЫШ 
House-EA CGG ССС ACG GGT CGA CAA АСТ ТАС AGC CGG ТАТ CAG ACC ТТС GAA СТА GAG AAG GAG ТТТ 
m а E Е = E E ш m 
Anto CGC ААА CGC GGA AGG CAG АСА ТАС ACC CGG ТАС CAG ACT CTA GAG СТА GAG ААС GAG ТТТ 
Ubx CGA AGA CGC GGC CGA CAG ACA ТАС АСС ССС ТАС CAG ACG СІС GAG СІС GAG AAG САС ТТС 
Mouse-10 ТСС ААС CGC GGC CGC ACG GOG ТАС АСС AGG CCG CAG CTG GTA GAG CTG GAG AAG САС ТІС 
no AGG AAG CGG GGA CGC CAG АСС ТАС ACG CGC ТАС CAG АСС CTG GAA CTG GAG AAG GAA ТТС 
61 120 
Mouse-EA СТС ТТТ AAT CCT TAT TIG АСС АСА ARG ОСС ССС АТТ CAA GTC ТСТ САС GCC CTG GGA CTG 
в ms m па E m ви и mg и m 
Fig. 1_a,Restrction sitemaps ofthe recombinant А cone m е me ME сс me me ме DX сш Са мш me ne MX аш ос ex CTU тос cre 
and the pSP64 subclone containing the Mo-EA homoeo House-10 САС ТТС AAC CGC ТАС CTA ATG CGG CCG CGC CGG CIG GAG ATG GCC AAC CTS CTG AAC СТС 
box. The clone was isolated by screening a A phage library mé CAT ТТС ААС CGC TAC CIG ACG CGG CGC CGC ACG CTC GAG АТС GCT САС GCG CIC TGC CTC 
of mouse genomic DNA (BALB/c mouse embryo DNA 
5 А : Я Қ а --Ніт i— 180 
inserted into Charon 28; the library was kindly provided MHouse-EA d AGA a етс AAG АТТ TOG ТІС САС ААТ oo ме ATG ААС ТОС Anh ме ас ААС 
by Dr P. Leder) with the Antp and Ubx homoeo box Antp ACG GAG CGC CAG ATA AAG АТТ TGG ТІС CAG AAT ССС CGC ATG AAG TOG AAG ААС САС AAC 
plasmids under reduced stringency conditions’. The black Ubx ACG GAG CGG CAG ATC AAG АТС ТОС TTC CAG ААС CGA ССА ATG AAG CIG ААС AAG GAG АТС 
box indicates the region homologous to the Antp and Ubx Қан s e сес, ee ме n: M = DT PS MC m pay a ae ТАС AAG ААА САС САС 
2 А In 
homoeo box clones from Drosophila. The presumed direc- BR AAGA ANN SONG: “САТ 
tion of transcription is fram left to right (bold arrow) based 181 202 
on the conserved open reading frame. Тһе Haelli-Hael]] "?"*77^ — МС AAG САТ ААА СТС ССТ 006 
restriction fragment of 320 bp in length (bottom) was used љар AAG ACG AAG GGC GAG CCG GAT 
as a probe for Northern blot and in situ hybridizations Шах 3e Es 906 MS we os em jos 
. . ouse- С АТС А 
апі for sequence analysis (thin arrows at the bottom) && ААА САТ GAG AGC САС ССТ ССС 
using the chain termination method", КІ = EcoRI. b, 
DNA sequence of the Mo-EA (Hox-3) homoeo box. The 
DNA sequence of Mo-EA is aligned (5' to 3’) with 
homologous regions from Амір? and Ubx!'? from 
Drosophila and Mo-10? and m6'$ from mouse. The C ET. 5 E 


sequence is shown from position —42 (42 bp upstream of osse. c. Arg His Asn Gln Thr Gly Val Leu Phe Cys Ser Ala Pro Gly 
the homology) to position 201 (21 bp downstream of the 


Ж Antp Ile Tyr Leu Glu Pro Thr Glu 
homology). The codons of the common open reading Ubi Ser Thr Gly Thr Aen Gly Leu 
frame are aligned. The black bars indicate nucleotide House-10 Gly Pro Pro Gly Gln Ala Ser 
homology between al! буе homoeo box sequences. с, Con- 56 meu sSee: Fle) Tyr Nog Seb гуз Phe." Lau., ‘Fher, Deu Сут Pros Asp 
ceptual translation of the conseryed homologous open 1 20 
reading frame in the Mo-EA homoeo box (Fig. 15). The | Mouse-EA | arg Arg Thr Gly Arg Gln Thr = Ser aby Tyr a Thr Leu Glu Leu Glu Lys Glu Phe 
amino-acid Sequence is shown in comparison with the Апер Arg Lys Arg Gly Arg Gln Thr Tyr Thr Arg Туг Gin Thr Leu Glu Leu Glu Lys Сіз Phe 
Апр”, Ubx"™ and Mo-10° and m6'?^ homoeo domains. Ubx Arg Arg Arg Gly Arg Gln Thr Tyr Thr Arg Tyr Gln Thr Leu Glu Leu Glu Lys Glu Pha 

1 iti i- Mouse-10 Бес Lys Arg Gly Arg Thr Ala Tyr Thr Arg Pro Gln Leu Val Giu Leu Glu Lys Glu Phe 
The region of homology extends from Positions lto post n6 Arg Lys Arg Gly Arg Gln Tne Tyr Thr Arg Tyr Gln Thr Leu Glu Leu Glu Lys Glu Phe 
tion 60. The black bars indicate amino-acid homology 

between all five homoeo domains. 21 ae 
Mouse~EA Leu Phe Asn Pro Tyr Leu Thr Arg Lys Arg Arg Ile Glu Val Ser His Ala Leu Gly Leu 
= 4 um um = ит = 
Antp His Phe Asn Arg Tyr [Leu Thr Arg Arg Arg Arg Ile Glu Ile Ala fis Alia Lev Суз Leu 
Ubx His Thr Asn His Tyr Leu Thr Arg Arg Arg Arg Ile Glu Met Ala His Ala Leu Cys Leu 
Mouse-10 His Phe Asn Arg Tyr Leu Met Arg Pro Arg Arg Val Glu Met Ala Asn Lou Leu Asn Leu 
nb His Phe Asn Arg Tyr Leu Thr Arg Ага Arg Thr Leu Glu Ме Ala Ніз Ala Leu Cys Leu 
4l 60 
Mouse-EA Thr Glu Arg Gln Val Lys Ile Trp Phe Gln Азп Arg Arg Met Lys Тір Ly» Lys Glu Asn 
Se p Ne DERES 
Antp Thr Glu Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Тер Lys Lys Glu Asn 
Ubx Thr Glu Arg біп Ile Lys Ile Trp Phe Gln Asn Arg Arg Мес Lys Leu Lys Lys біз Ilo 
Mouse-10 Thr біп Arg Gln Пе Lys Пе Trp Phe Gln Asn Arg Arg Met Lya Tyr Lys Lys Asp Gln 
m6 Thr Glu Arg Gln Пе Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys Glu His 
61 67 
Mouse-EA Asn Lys Asp Lys Leu Pro Gly 
Antp Lys Thr Lys Gly Glu Pro Asp 
Ubx Gln Ма Ile Lys Glu Leu Asn 
Mouse-10 Lys Gly Lys Gly ket Leu Thr 


m6 Lys Asp Glu Ser біп Ala Pro 
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Fig.2 Southern blot hybridization of mouse, hamster and mouse x hamster 
hybrid cell line DNAs with the Hox-3 DNA probe, pMo-EA. Approximately 15 ug 
of PstI-digested DNA was loaded per track. The probe was nick translated in the 
presence of 22Р-АСТР to a specific activity of 10° c.p.m. pg? and hybridized as 
reported previously". Bacteriophage A DNA digested with HindIII (A НІП) was 
used for relative molecular mass determinations and the sizes of the mouse-specific 
hybridizing fragments are shown on the right. Hybrids listed from 1-11 are 2-1, 
2-1-1, 2-1-7, 12G7, 4B31, 2a2c2, R44, EcM4, 10bs2, Mae32 and CEC, respectively. 
They are described in McGinnis et al? and Pratcheva et al. 


the middle of the pMo-EA insert. This fragment was cloned in 
M13 mpli in both orientations and the nucleotide sequence 
was determined using the dideoxy chain termination method, 
The 180-bp DNA sequence of the mouse EA homoeo box with 
42-bp flanking sequence upstream and 21-bp sequence down- 
stream is shown in Fig. 1b. Identification of the Sali and Hinfl 
restriction endonuclease sites close to the 5’ end (SalI, base 
positions 11-16) and near the 3’ region (HinfI, base positions 
150-154) within the homoeo box allows the 5’>3’ orientation 
on the restriction map (Fig. 1а). Comparison with the Antp and 
Ubx homoeo box DNA sequences from Drosophila^'? shows 
~73% and ~68% homology, respectively, while the homology 
to mouse 10 (ref.29) and m6 from mouse! is considerably 
lower, ~56% and ~66%, respectively. 

The conceptual translation of the mouse EA homoeo box and 
its comparison with Antp’, Ubx'?, mouse-10 (Mo-10)? and тб! 
are shown in Fig. 1c. The homology of the amino-acid sequence 
of mouse EA to each of the four other homoeo domains is 83% 
to Antp, 80% to Ubx, 62% to Mo-10 and 78% to m6. The striking 
conservation in the amino-acid sequence is restricted to the 
homoeo domain, encoded by nucleotides 1-180. Out of 60 amino 
acids, 35 are identical at all five loci from mouse and fly. 


Chromosomal mapping 


Twenty-five mouse x hamster hybrid cell lines were screened for 
the presence or absence of mouse sequences cloned in pMo-EA. 
These cell lines contain the entire complement of hamster 
chromosomes and differing subsets of mouse chromosomes. The 
presence of a particular mouse chromosome is determined by 
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a combination of isozyme, DNA marker and karyotypic 
analyses. 

Southern blot hybridizations using pMo-EA as a probe and 
mouse, hamster and mousex hamster hybrid cell line DNAs 
digested with a variety of restriction endonucleases identified 
PstI as an enzyme that distinguished the mouse EA hybridizing 
fragments from the cross-hybridizing hamster fragments. pMo- 
EA hybridizes with 3.5-kb and 1.7-kb PstI fragments in a mouse 
genomic Southern blot. Cross-hybridizing bands of approxi- 
mately 10 kb and 12 kb are present in the hamster genome using 
the mouse probe. À representative Southern blot is shown in 
Fig. 2. Scoring the mouse x hamster hybrid cell lines for the 
presence of the mouse-specific fragments assigns this genomic 
locus to mouse chromosome 15. A summary of the hybrid cell 
line blot hybridization results is shown in Table 1. The chromo- 
somal location of mouse EA is different from the position of 





Table 1 Southern blot hybridization results for mouse x hamster hybrid 
cell line DNAs probed with Hox-3 probe pMo-EA 





Segregation of Mo-EA in mouse-hamster hybrids 
(presence of chromosome/blot hybridization) 


Mouse Concordant Discordant 
chromosome +/+ -/- Total T/- ft Total 
1 12 6 18 1 6 7 
2 13 5 18 2 3 5 
3 11 7 18 0 4 4 
4 13 5 18 2 5 7 
5 6 6 12 1 12 13 
6 13 6 19 1 5 6 
7 16 3 19 4 2 6 
8 12 7 19 0 6 6 
9 10 4 14 3 7 10 
10 14 6 20 0 5 5 
11 0 7 7 0 18 18 
12 15 3 18 4 2 6 
13 4 3 7 0 2 2 
14 2 6 1 1 13 14 
15 6 3 9 0 0 0 
16 3 2 5 1 3 4 
17 17 4 21 3 3 6 
18 1 6 7 1 10 11 
19 8 5 13 2 6 8 
X 8 2 10 5 7 12 





The murine chromosomal complement of the 25 hybrid cell lines was 
determined by karyotyping and/or the analysis of isozyme and DNA 
markers, The presence or absence of mouse chromosome 15 is con- 
cordant with the presence or absence of the Hox-3 diagnostic mouse 
bands. 


two other homoeo box loci identified previously, Hox-1 on 
chromosome 67°, and Hox-2 on chromosome 11?9?'!, Keeping 
the same scheme of nomenclature, we call the newly identified 
mouse EA locus on chromosome 15, Hox-3. 


Hox-3 encodes tissue-specific transcripts 


The expression of homoeo box genes in D. melanogaster follows 
a spatially and temporally restricted pattern. This has been most 
effectively demonstrated by in situ hybridizations to serial sec- 
tions of embryos and larvae using genomic or complementary 
DNA probes!???7?, At mid-to-late stages of embryogenesis, 
different homoeotic transcripts are expressed in distinct regions 
of the fly central nervous system. 

We have used both Northern blot analysis and in situ hybridiz- 
ation to histological sections to test transcript distributions in 
different tissues and in different anterior/posterior positions in 
the mouse body. In the first experiment, transcription from the 
Hox-3 locus was tested at different stages of embryonic develop- 
ment. Poly(A)” and poly(A)* RNAs were isolated from total 
embryos at 11, 12, 13, 16, 19 and 21 days post coitum and 
hybridized with the nick-translated pMo-EA probe from Hox-3. 
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Fig.3 a, Northern blot hybridizations of Hox-3 to poly(A)” and poly(A)* RNAs 
(shown as А” and А?) isolated from whole mouse embryos of different gestation 
stages, starting with day 11 (11d). At gestation stage day 21 (21d) the mice were 
born and the newborn mice were used for the experiment. b, Northern blot 
hybridizations of Hox-3 to poly(A)* and total RNAs isolated from liver, brain, 
spinal column, skeletal muscle, kidney, thymus and carcass dissected from newborn 
CD-1 mice (left), and to poly(A)* RNAs from liver, kidney, spleen, brain and 
spinal cord (total RNA) from adult male and female CD-1 mice (right). Poly(A)* 
RNA from whole embryos of gestation stage day 13 (last track on the left) served 
as a positive control. 

Methods. The breeding of mice (CD-1), the dissection of embryos and tissues and 
the isolation of RNA using the guanidinium thiocyanate CsCl method” were 
done essentially as described previously’*. The spinal column from newborn mice 
was dissected by cutting it directly behind the skull and by separating it from 
limbs and ribs on either side. Most of the muscle and connective tissue was 
removed before the RNA was isolated. For the isolation of RNA from the spinal 
cord of adult animals, the spinal column was first dissected in the same way. The 
spinal cord was separated from the vertebrae by nicking the spinal column with 
5-10 transverse cuts set along its anterior-posterior axis, and by pulling the 
vertebrae off the cylindrical nerve cord in the longitudinal direction. By this 
procedure it was possible to prepare the entire nerve cord from the atlas region 
to the region of the sacral vertebrae. Carcass (b) means the whole body of a 
newborn mouse after removal of the spinal column. Eight pg of each poly(A) 
and poly(A)* RNA sample (a) and 8 yg of poly(A)* RNA or 20 pg of total RNA 
(b) were separated in formaldehyde gels and transferred to nitrocellulose gels 
according to Maniatis et al**. The RNA filters were prehybridized for 8-15 h at 
42°C in 50% formamide, 5x SSC, 50 mM sodium phosphate (pH 6.6), 0.1% SDS, 
5x Denhardt's solution*^ and 100-200 pg ті! of denatured sonicated salmon 
sperm DNA (Sigma). The hybridization with nick-translated plasmid DNA (pMo- 
EA) was carried out under the same conditions with 10% dextran sulphate added 
for 20-24 h. The concentration of denatured ?P-labelled probe DNA (specific 
activities ~2 x 10* c.p.m. per ug DNA) was about 3-5 ng ml. The filters were 
washed in 3 x SSC, 0.1% SDS at room temperature for 2 x 10 min and in 0.2x SSC, 
0.1% SDS at 65 °C for 3x 20 min. The filters were autoradiographed with ХАК-5 
film from Kodak and an intensifying screen for 2 days at —70?C. As a control 
(Б) the filters were stripped with boiling 0.1 x SSPE, 0.1% SDS and hybridized 
with a °*P-labelled cDNA clone of the human hypoxanthine phosphoribosyl 
transferase (Арг!) gene”. Each RNA sample displayed a single band at the same 

position, but of different intensity, indicating the integrity of the RNAs. 


The results show an abundant transcript of approximately 2.7 kb 
in size, present only in the poly(A)* RNA fractions of all these 
embryonic stages (Fig.3a). No hybridization signals were 
detectable with the poly(A)” RNAs even after longer autoradio- 
graphic exposures. Embryonic stages earlier than day 11 post 
coitum have not yet been tested. 

In order to investigate the tissue distribution of the Hox-3 
transcript(s), we prepared RNA blots using RNA isolated from 
a number of different tissues and organs from newborn and 
adult animals, and hybridized them with the pMo-EA probe 
(Fig. 3b). Analysis of the RNAs from newborn mice (Fig. 3b, 
left) showed that the strongest hybridization signal was obtained 
with the poly(A)* RNA isolated from the spinal column, indicat- 
ing that at this stage of development a major site of Hox-3 
transcript accumulation is in cells of the spinal column. The 
size of the hybridizing transcript of 2.7 kb is identical to the size 
of the abundant transcript in 13-day embryos. A less abundant 
transcript of the same size is present in the RNA samples from 


kidney and from the carcass remaining after removal of the f 


spinal column. The weak signal with the kidney was obtained 
with total RNA, while the stronger signal with the carcass was 
obtained with poly(A)* RNA. Since there was no hybridization 
signal detectable with the RNAs from the other tissues and 
organs tested, including liver, brain, skeletal muscle and thymus, 
we suspect that much of the hybridization signal in the carcass 
is due to kidney-specific expression of the Hox-3 locus. 


ARTICLES ім 








а ла 12d 13d 16d 19d 21d 
A АҒ д А+ А АҒА АТ А АЁ А АЁ 


. 





м еч к ee č 2.7 kb 
i : 
4 
i 
* 
embryonic - newborn adult 
& . 
> 4 
оо = 
Rog қ о + + 
с o > 9 xcd <í , 
қ% Eg o 9 а » > < g 
15 3E a > > 5 00 > к 
52-454 gf 5288 
о a o о. 
à 9 3$ $ 28 5 à $$ c3 
be = с = c o = c 
ба 5965 хы 9 оов з 5 
... - a 
25 ¢% 2 58 9 ЕЗ 6 Б & 
5 pS SR PS es 
ж 
> 
3 
à 
: * 
ы ^N. 
4 M" 
es i = 2.7 kb 
j = 2.1 kb 
Ы * 


The distribution of Hox-3 transcripts in RNA samples from 
adult tissues (Fig. 35, right) is consistent with our data concern- 
ing Hox-3 expression in newborn mice and allows us to draw 
additional conclusions. While liver, spleen, skeletal muscle (data 
not shown) and brain appear to be negative for Hox-3 
expression, the kidney and the spinal cord are positive. A strong 
signal is obtained with the unfractionated total RNA from the 
spinal cord, in contrast to the weaker hybridization signal 
obtained with the poly(A)* RNA from the kidney, suggesting 
a much higher level of Hox-3 expression in the adult spinal 
cord than in the adult kidney. The data allow us to assign a 
specific part of the central nervous system—the spinal cord— 
as at least one major site for Hox-3 expression in adult mice. 
Although the tissue distribution of Hox-3 transcripts appears 
to be the same in newborn and adult, in adult spinal cord an 
additional transcript of about 2.1 kb in size appears to be present 
in a higher copy number than the 2.7-kb transcript. This 2.1-kb 
transcript is not detectable in the other RNA samples. 


Localized accumulation of Hox-3 transcripts 


If the Hox-3 locus functions in a manner similar to Drosophila 
homoeotic genes, one would expect spatial restrictions of the 
transcripts that we have detected within the spinal cord. We 
have tested this prediction by two different experimental 
approaches: first by using Northern blot analysis of RNA iso- 
lated from three distinct regions of both the newborn spinal 
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column and the adult spinal cord, and second, by using in situ 
hybridization to tissue sections. 

For the Northern blot hybridizations we used the 320-bp 
Haelll fragment which contains the entire Hox-3 homoeo box 
and 140 bp of flanking sequences (Fig. 1a, b). In mRNA samples 
from the whole spinal column of newborn mice and from the 
spinal cord of adults (Fig. 4c, tracks Se-- Sa, top) the 2.7-kb 
transcript was detected in both newborn and adult tissue, and 
the 2.1-kb RNA only in adult. 

The results obtained with RNA samples from the newborn 
brain and from the cetvical, the thoracic, and the lumbar/ 
sacral/caudal regions of the newborn spinal column are shown 
in Fig. 4c, tracks 1-4. The photograph of a sagittal section of a 
newborn mouse (Fig. 4b) and a schematic drawing of this photo- 
graph (Fig. 4a) depict the regions of the central nervous system 
or spinal column from which the four different RNA samples 
were isolated (Fig. 4 legend). Strong hybridization signals were 
obtained with the RNA samples from the cervical and thoracic 
regions (tracks 2 and 3 in Fig. 4c, top), while the hybridization 
to the samples from the brain and lumbar region (tracks 1 and 
4) appeared to be either negative (brain) or weak (lumbar). In 
the control experiment (Fig. 4c, bottom) carried out with the 
same filter and using a mouse fj;-microglobulin probe????, all 
three RNA samples from the newborn spinal column showed 
roughly equal signals, while the signal with the RNA from 
newborn brain was considerably weaker, though easily detect- 
able. These data suggest a spatially restricted accumulation of 
Hox-3 transcripts in the anterior regions of the spinal column 
from newborn mice. In addition to the 2.7-kb transcript, two 
other RNAs, 2.1 kb and 1.6 kb in size, were detected (Fig. 4c, 
tracks 2, 3). The 2.1-kb RNA presumably corresponds to the 
transcript also detected in the adult spinal cord (Figs 3b; 4c, 
track Sa, top), where it is the most abundant Hox-3 transcript. 
The weak signal at the 1.6-kb position. was not detected in the 
experiments described above (Figs 3a, b; 4c, tracks Se, Sa, top). 
Since we see a relatively stronger signal at the corresponding 
position by hybridizing the 320-bp HaelII fragment from Hox-3 
to total RNAs from adult spinal cord (Fig. 4c, tracks 2'-4', top), 
but not upon hybridization to the poly(A)* RNA from adult 
spinal cord (Fig. 4c, track Sa, top), it is possible that these bands 
result from hybridization to heterogeneous RNA fragments 
which have been compressed into this region close to the 18S 
ribosomal RNA”*. 

The spatial restriction of Hox-3 transcripts in the central 
nervous system of adult mice was also tested by RNA blot 
analysis. A messenger RNA sample from the brain and samples 
of equal amounts of total RNA from the cervical, thoracic and 
lumbar regions of adult spinal cord were probed with the 320-bp 
Haelll fragment containing the Hox-3 homoeo box (Fig. 4c, 
tracks 1'-4', top). No hybridization to the mRNA from the brain 
is detected, while all three RNA samples from the different 
spinal cord regions show hybridization to the 2.7- and 2.1-kb 
transcripts. High signal intensities are detected with the RNAs 
from the cervical and thoracic regions of the spinal cord, in 
contrast to the considerably weaker hybridization signals 
obtained with the RNA sample from the lumbar region. The 
significance of these signal intensity differences is supported by 
the control hybridization with the £,-microglobulin probe 
(Fig. 4c, tracks 1'-4', bottom), showing equal intensities in the 
tracks corresponding to the cervical, thoracic and lumbar 
regions, which indicates equal amounts of RNA in each of these 
tracks. 

We have also examined the spatial restriction of Hox-3 
expression in newborn mice by hybridizing the 320-bp homoeo 
box probe to whole body serial sections (Fig. 4d, e). As a control 
we used a probe containing sequences from the mouse a- 
fetoprotein (AFP) gene, which is strongly expressed in newborn 
mouse liver?* (Fig. 4f, g). Comparison of an autoradiograph of 
a sagittal section hybridized with the Hox-3 probe (Fig. 4e) with 
a photograph of the stained section (Fig.4d) indicates that 
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Fig. 4 (opposite) a, Schematic drawing of a sagittal section of a newborn mouse 
shown in b. b, Photograph of a Giemsa-stained sagittal section of a newborn 
mouse. For the isolation of RNAs from different regions of the central nervous 
system (CNS), the spinal column was separated from the brain and cut into three 
different sections as indicated by the black lines. The numbers label the separated 
regions of the CNS or the spinal column, respectively, from which RNAs have 
been isolated and refer directly to the labels used for the RNA blot hybridizations 
with the Hox-3 probe in c; 1, brain; 2, cervical region; 3, thoracic region; 4, 
lumbar/sacral region. c, Top, Northern blot hybridization of Hox-3 to RNA 
samples from the brain, and from different sections of the newborn spinal column 
and the adult spinal cord. The different tracks represent the following RNAs with 
the amounts (pg) determined by Аҙ measurement; Se, poly(A)” RNA from 
whole newborn spinal column (8 ug); Sa, poly(A)* RNA from whole adult spinal 
cord (8 ug); 1-4, poly(A)* RNAs from the newborn brain (1) and from the cervical 
(2), the thoracic (3) and the lumbar/sacral/caudal (4) region of the newborn 
spinal column (8 ug each); 1', poly(A)* RNA from the adult brain (8 pg); 2'-4', 
total RNAs from the cervical (2^, thoracic (3’) and lumbar/sacral (4’) region of 
the adult spinal cord (40 pg each). Bottom, control hybridization of the RNA blot 
represented on the top with a mouse £;-microglobulin probe (kindly provided by 
Dr P. Leder). d, Bright-field view of a sagittal section of a newborn mouse that 
was hybridized with the Hox-3 probe. e, Autoradiograph obtained after exposure 
of the section in d to Kodak XAR-5 film for 20 days. The arrow indicates the 
hybridization signal resulting from Hox-3 transcripts in the spinal cord. The 
apparent signal in the head region is due to a fold in the section at that position. 
The artefactual labelling of the thymus is discussed in the text. f, Bright-field view 
of a sagittal section of a newborn mouse that was hybridized with a mouse AFP 
gene probe (kindly provided by Dr S. Tilghman). T, thymus. g, Autoradiograph 
obtained after exposure of the section in f to Kodak XAR-5 film for 20 days. The 
arrow indicates the hybridization signal resulting from AFP transcripts in the liver. 
T, thymus. 

Methods. Dissections of nervous tissues, RNA isolations and Northern blot hybridiz- 
ations: The dissection of the brain and spinal column or the preparation of the 
spinal cord in the case of adult animals was done as described in Fig. 3 legend. 
The three different sections of the cervical, thoracic and lumbar/sacral/ caudal 
region of the spinal column were obtained by cutting behind the 7th and 20th 
vertebrae from anterior to posterior as indicated in b. The isolation of RNAs, 
electrophoresis, blotting to nitrocellulose and hybridizations were carried out as 
referred (Fig. 3). The Hox-3 probe was the 320-bp Haelll fragment shown in 
Fig. 1a; the B5-microglobulin gene probe has been described previously ??, In 
situ hybridization. The in situ hybridization to frozen sections of newborn mice 
was performed by a modification of the technique of Lawrence and Singer“. 
Briefly, newborn mice were killed with chloroform and quick-frozen in OCT 
embedding medium (Miles Laboratories) on a cryostat specimen holder by immers- 
ing the holder into liquid nitrogen. After warming to —20 °C, the frozen blocks 
were sectioned at 8-10 um on a SLEE cryostat. The sections were picked up onto 
acid-cleaned microscope slides subbed according to Gall and Pardue**, except 
that 0.3% gelatin was used. The sections were then fixed and dehydrated according 
to the method of Hafen et ai^. The plasmid pAFP-440, a pSP65 derivative, 
contains ~130 bp of AFP coding sequences within a 440-bp HincII fragment of 
mouse genomic DNA. pAFP-440 and the 320-bp HaellI fragment of Hox-3 were 
labelled to specific activities approaching 1 x 10? d.p.m. with 35S-labelled deoxynu- 
cleotide 5'-(a-thio)triphosphates (Amersham) as follows. Three parallel nick- 
translation reactions with increasing concentrations of DNase I (Sigma) were set 
up for each probe. In each reaction, 0.5 əр of DNA was suspended in 30 pl 
1xnick-translation buffer*’ containing —50 „Ci each of *°S-labelled dATP and 
dCTP, and 20 uM each of unlabelled dGTP and dTTP. DNase I concentrations 
used were 0.5 ng ml~', 1.0 ng ml"! and 2.0 ng ті". 20 units of DNA polymerase 
I (Boehringer) were added and the reaction mixes were incubated at room 
temperature for 60 min. The reactions were stopped by the addition of 100 yl of 
0.1 M NaCl, 10 mM Tris-HCI (pH 8.0), 2 mM EDTA and 0.02% SDS, and the 
probes were separated from the unincorporated nucleotides by passage through 
а Sephadex-G50 spin column^'. The probes were then boiled for 1 min and stored 
at —20 °C. Just before hybridization, the probes were suspended at a concentration 
of 1ng Ш! in freshly prepared hybridization buffer containing 0.5 ng m^! 
Escherichia coli transfer RNA, 1x Denhardt's solution ^, 50% deionized for- 
mamide, 0.75 M NaCl, 10 mM Tris-HCl (pH 7.5), 2 mM EDTA, 10% dextran 
sulphate, and 10 mM dithiothreitol. 50 р] of hydridization solution was applied 
to each newborn mouse section and covered with a 24x 40-mm coverslip. The 
coverslips were sealed with rubber cement, and then the slides were heated to 
80°C for 2 min to denature the probe*’. Hybridization was carried out in a moist 
chamber at 37 *C for 4-5 h. The sections were washed by first removing the rubber 
cement and then allowing the coverslips to float off in a solution of 2x SSC, 5096 
formamide, and 0.1% 2-mercaptoethanol. The sections were then incubated for 
at least 30 min in the same buffer at 37 °C, followed by at least 30 min in 1 x SSC, 
and 50% formamide at 37 *C, and finally by at least 30min in 1x SSC at room 
temperature with gentle shaking. The sections were then dehydrated in 7096 and 
95% ethanol (2x 5 min, each), air dried and exposed to Kodak XAR-5 film for 
20 days. The sections were then immersed in Kodak NTB-2 emulsion as described 
by Hafen et al“*, except that the emulsion was diluted 1:1 with Н;О, and 
autoradiography was allowed to proceed for 15 days at 4°C in a dry, light-tight 
box. The slides were developed in Kodak D-19 developer for 2 min, rinsed briefly 
in H,0, and fixed in Kodak rapid-fix for 4 min, all at about 15 °С. The sections 
were stained with Giemsa and examined by light microscopy. 
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Hox-3 transcripts accumulate in cells of the spinal cord. In 
numerous serial sections that have been probed in this manner, 
Hox-3 transcripts have been detected throughout the posterior 
region of the spinal cord, with an anterior limit of transcript 
accumulation observed at approximately the level of the third 
cervical vertebra. A close-up view of this region of the spinal 
cord is depicted in Fig. 6. Note the decrease in specific signal 
over cell bodies anterior to the C-3/C-4 region. No obvious 
morphological transition occurs at this expression boundary. 
The highest signal levels are always observed adjacent to the 
boundary in the cervical region and in the thoracic region of 
the spinal cord. No signals forward of this boundary in any part 
of the central nervous system have been observed at any section 
depth. The cells of the thymus are also strongly labelled with 
the Hox-3 probe, but this signal is apparently artefactual because 
the AFP probe labelled the thymus as strongly as the Hox-3 
probe (Fig. 4f, g), and because Northern blots of thymus RNA 
indicate no accumulation of Hox-3 transcripts (see Fig. 3b). We 
observed no detectable labelling of kidney cells with the Hox-3 
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probe, presumably due to the relative insensitivity of the in situ 
method versus Northern blot analysis. 

To better characterize the localization of transcripts in the 
newborn spinal cord and to confirm the presumed direction of 
transcription, single-stranded probes were used for in situ 
hybridizations to cross-sections of three different regions of the 
newborn spinal column: just posterior to the second, sixth and 
twentieth vertebrae (Fig. 5). For these experiments, the homoeo 
box-containing 320-bp Haelll fragment cloned in the Gemini 
vector system was used as a template for the synthesis of "'S- 
labelled RNA transcripts from both strands. A strong specific 
signal was obtained only from hybridations to cross-sections of 
the spinal cord region just posterior to the sixth vertebra and 
only using the probe detecting transcripts synthesized in the 
direction predicted by the orientation of the homoeo box 
(Fig. 5b’). Comparing the autoradiograph with the stained sec- 
tion (Fig. 5b) indicates an accumulation of Hox-3 transcripts 
in the centre of the spinal cord, whereas thé spinal ganglia do 
not appear specifically labelled. 
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Fig. 5 a-c, Bright-field views of Giemsa-stained sections of the newborn spinal cord from regions just posterior to the 2nd (a), 6th (b) and 20th (c) vertebrae hybridized 
with **S-labelled RNA complementary to the coding strand of Hox-3. All three sections were hybridized on the same microscope slide. The dorsal side is at the top of 
each photograph. V, vertebral body; SC, spinal cord; SG, spinal ganglion. a'-c', Autoradiographs obtained after exposure of the sections shown in a, b, c to Kodak 
ЕР-5 film for 48 h. The arrows іп b’ (spinal cord region just posterior to the 6th vertebrum) point to the specific signal іп the centre of the spinal cord. The surrounding 
nonspecific labelling is mainly concentrated over dense cartilaginous tissue. d-f, Bright-field views of Giemsa-stained cross-sections of the newborn spinal cord from 
regions just posterior to the 2nd (d), 6th (e) and 20th (e) vertebrae, hybridized with "S-labelled RNA complementary to the anticoding strand of Hox-3. All three 
sections were hybridized on the same microscope slide and are from the same animal as those in a, b and с. d'-f", Autoradiographs obtained after exposure of the 
sections in а, b, c to Kodak XRP-5 film for 48 h, 

Methods. The 320-bp Haelll fragment (Fig. 1a) was cloned into the poly-linker region of pGem4 (Promega Biotec) by standard methods. High specific activity RNA 
transcripts (~10* c.p.m. цё!) complementary to coding and anticoding strands were prepared essentially as described by Cox ег al^*, as modified by the manufacturer. 
Labelled nucleotide, **S-labelled UTP (400 Ci mol^', Amersham), was used at a concentration of 12 uM in the synthesis reaction. Hybridizations were performed for 
6h at 50°C with a probe concentration of 0.25 pg ml ', essentially as described by Cox er al^*. After allowing the coverslips to float off іп a solution of 2x SSC, 50% 
formamide, and 0.1% 8-mercaptoethanol, wash conditions were as follows: 2x SSC, 50% formamide, 0.1% 8-mercaptoethanol, 50 °С; 20 ug ml ' RNase, 0.5 M NaCl, 
10 mM Tris-Cl (pH 8.0), 37°C; 2x SSC, 50% formamide, 0.1% 8-mercaptoethanol, 50°C; 1 x SSC, 50% formamide, 0.1% 8-mercaptoethanol, 50 °С; all for at least 

30 min. Slides were then dehydrated and exposed to X-ray film. 


Conclusions 


If mouse homoeo box genes direct specific morphogenetic func- 
tions during embryonic development, one would predict spatial 
localization of their expression to specific body regions of the 
developing mouse. Studies from several laboratories have 
already demonstrated differential expression of individual 
homoeo box genes in different mouse tissues at several develop- 
mental stages'”*°*", For example, Hox-2.1 transcripts are abun- 
dant in the embryonic, newborn and adult central nervous 
ѕуѕіетг202'. As shown in this study, Hox-3 transcripts also 
accumulate in the newborn and adult central nervous system, 


and more importantly, Hox-3 transcript abundance displays a 
striking spatially restricted localization along the longitudinal 
axis of the central nervous system (Figs 4, 5). The highest level 
of Hox-3 transcript accumulation occurs in the posterior cervical 
and anterior thoracic region of the spinal cord. We detect no 
expression more anteriorly and only weak expression in more 
posterior regions of the central nervous system. 

One of the distinguishing characteristics of many of the 
homoeo box-containing homoeotic genes of Drosophila is their 
localized expression within discrete regions of the ventral nerve 
cord of the developing fly". For the Antp gene, this restricted 
pattern of expression persists at least until the third instar larval 











Fig.6 Bright-field (a) and dark-field (b) views of the anterior-most region of 
specific labelling of the spinal cord of the section depicted in Fig. 4d. A, anterior; 
D, dorsal; P, posterior; V, ventral; C4, fourth cervical vertebra, (x69.3). 


stage. By Northern blot analysis Antp products can still be 
detected in late pupal stages and also in the adult fly*. 
Although attempts to draw functional parallels between the 
pattern of Hox-3 expression in newborn and adult mice and the 
patterns of expression of homoeotic genes during fruit fly 
embryogenesis are still admittedly speculative, the similarity of 
these patterns is dramatic. In addition, preliminary observations 
indicate that the observed localization of Hox-3 expression 
occurs at least as early as the 13th day of embryogenesis (M.F.U. 
et al, unpublished data). We therefore conclude that the 
Observed patterns of expression of Hox-3 and Drosophila 
homoeo box sequences within the respective central nervous 
systems of mice and flies is consistent with a developmental role 
for Hox-3 within a specific region of the mouse body plan. 
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Morphogenetic loci might also be expected to show specific 
temporal patterns of transcriptional activity during develop- 
ment. Hox-3 is transcriptionally active at all developmental 
stages tested so far, spanning the time between the 11th day of 
gestation and the adult mouse. With the Hox-3 probe рМо-ҒА, 
we detected an abundant transcript of 2.7 kb at all of these 
stages (Fig. 3a, b). Although no obvious temporal differences in 
Hox-3 expression were detected during gestation, a difference 
in Hox-3 expression between newborn and adult mice was 
detected. This difference is indicated by a shift in the relative 
abundance of the 2.1-kb and 2.7-kb transcripts in RNA samples 
from newborn spinal column versus adult spinal cord (Figs 35, 
4c). We also detected relatively low levels of the 2.7-kb Hox-3 
transcript in RNA samples from newborn and adult kidney 
(Fig. 3b). 

A number of previously identified genes controlling mor- 
phogenesis in Drosophila, such as Deformed, infra-abdominal 2, 
infra-abdominal 7 (refs 11, 36) and engrailed'", have been iso- 
lated by virtue of their cross-homology to homoeo box probes. 
Attempting to correlate homoeo box genes with known mor- 
phogenetic loci in the mouse is much more difficult because of 
the relatively small number of murine mutations known to 
disrupt morphogenesis, and the low resolution of cytogenetic 
mapping. However, it may eventually be possible to reveal the 
suspected morphogenetic functions of murine homoeo box 
genes by analysing their genetic linkage to the known develop- 
mental mutations in mouse. In contrast to the previously charac- 
terized mouse homoeo boxes which are located on chromosomes 
6?* and 11???', the Hox-3 locus maps to mouse chromosome 
15. In light of the expression of Hox-3 in the spinal cord, it is 
interesting to note that the semi-dominant mutation velvet coat 
( Ve), which in the homozygous state disrupts neural tube forma- 
tion”, also maps to this chromosome". 

The results reported here are entirely consistent with a mor- 
phogenetic role for the Hox-3 locus. However, because of the 
descriptive and comparative nature of our data, this view must 
remain conjectural. The next stage of analysis must involve 
direct experimentation to test this hypothesis. 
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The early phases of stellar evolution are frequently characterized 
by vigorous interaction between the nascent star and its environ- 
ment, resulting in the formation of molecular outflows, highly 
collimated jets, Herbig-Haro objects and small emission or reflec- 
tion nebulae. A deep survey of such small nebulae around young 
stars in the Orion molecular clouds has recently been completed’. 
We report here the sudden appearance of a highly variable, conical 
nebula (Object 50) 1.5 arc min south of а 2501. infrared source 
in the southern part of the L1641 cloud in Orion. The nebula 
coincides with the edge of the approaching lobe of a 10°-yr-old 
bipolar molecular outflow. Variability of the infrared source gener- 
ates light pulses observed to propagate through the surrounding 
ambient cloud, producing a fluctuating illumination pattern. This 
emission may represent the first optical radiation to have emerged 
from this newborn star. 

Object 50 is a large (1 arc min wide), luminous and structured 
nebula located in one of the most opaque regions of the Orion 
clouds. It is readily visible on a SERC-J Schmidt plate obtained 
in 1979, but examination of the blue and red Palomar Schmidt 
plates from 1955 shows nothing at this location. Obviously a 
highly time-dependent phenomenon is taking place here. A 
search at 2.2 jum with the ESO 1-m telescope at La Silla, Chile, 
has shown that Object 50 itself is not directly associated with a 
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star, but is a reflection nebula of an intense near-infrared source 
located —1.5 arc min to the north, and coinciding with a faint 
star-like nebulosity on the Schmidt plate. This source has also 
been detected by the Infrared Astronomy Satellite (IRAS). Posi- 
tions measured on the 1979 Schmidt plate are listed in Table 1. 

Broad-band CCD (charge-coupled device) images have been 
obtained of the region with the Danish 1.5-m telescope at La 
Silla on three occasions in the past few years. Figure 1a shows 
the region as it appeared on 20 December 1982, through a filter 
transmitting from 8,500 A to the CCD cut-off at almost 1,100 A. 
Object 50 itself shows a well-defined edge towards the infrared 
source, an intricate pattern of lighter and darker areas, and a 
faint tail stretching away from the source. About 1.5 arc min 
north of Object 50, at the location of the infrared source, two 
unequal nebulosities (the eastern and western lobes) are visible, 
separated by an opaque bridge. The position of the infrared 
source, as determined by IRAS and from ground-based near- 
infrared observations, coincides with the western lobe to within 
a few arcs. The eastern lobe is the more luminous and it shows 
a hint of a very faint structure pointing towards the south-east. 
A similar image, taken at the same time, but through a broad- 
band filter centred on 6,500 A, shows the same morphology, but 
the lobes around the infrared source are significantly fainter, 
demonstrating that there is little Ha emission. Figure 1b shows 
an image in all respects similar to Fig. 1a (same instrumentation, 
exposure time, filter, seeing, reduction procedure), but obtained 
two years later, on 9 January 1985. Dramatic changes have 
occurred in the intervening period. While the western lobe has 
faded considerably, the faint structures associated with the 
eastern lobe have evolved into a highly collimated beam, 25 arc s 
long, with two knots. The length of the beam seen in January 
1985 is almost 3 light-months if the scattering surface is located 
in the plane of the sky. The beam is directed 180° away from 
the axis connecting the infrared source with the centroid of the 
redshifted portion of the molecular outflow (see below). The 
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Fig.1 Three CCD images showing Object 50, taken through broad-band filter (from ~8,500 A to almost 1,100 А) with the Danish 1.5-m 

telescope at La Silla, Chile, оп 20 December 1982 (a), 9 January 1985 (b) and 23 September 1985 (c). This nebula appeared after 1955, as 

nothing is visible on the Palomar Sky Survey plates taken of this region. The field shown is 1.75 arc min in right ascension and 3 arc min in 

declination; north is at the top and east at the right of each image. The intense and variable infrared source IRAS05380-0728 is situated at 

the small nebulosity in the upper part of the field. A pulse of light, presumably emitted in late 1984, illuminates the ‘jet’ seen in the January 

1985 image and is observed to propagate 1.5 arc min to the south by September 1985. The faint pattern in the background is residual interference 
of sky emission lines in the CCD chip. 
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Fig.2 A low-resolution red spectrum of the nebulosity around 
the infrared source, obtained on 27 January 1985 with the 4-m 
telescope at Cerro Tolo by J. A. Graham, using a Boller and Chivens 
spectrograph and CCD detector. The low extinction inferred from 
the red continuum indicates that there is much less obstructing 
material toward the reflection nebula than along our line-of-sight. 
The spectrum indicates that the hidden star is of low or intermediate 
mass. 
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overall morphology of Object 50 is retained, but its luminous 
pattern has changed completely. Figure 1c shows the region as 
itappeared on 23 September 1985, displayed with intensity levels 
roughly similar to Fig. 1а, b; the beam of light extending from 
the infrared source has all but disappeared, leaving only a faint 
and diffuse illuminated patch. A faint extended nebulosity is 
now seen to surround Object 50 and may represent the same 
pulse of light which produced the beam 9 months earlier. A 
comparison of the three CCD images shows a gradual fading 
of the western nebulosity, where the infrared source is located. 

Near-infrared photometry of the infrared source IRAS05380- 
0728, obtained through a 15-arc-s diaphragm on 31 January 
1985, is given in Table 2 together with the IRAS fluxes. Com- 
parison with observations made in April and December 1983 
reveals considerable variability in the source, with a decrease 
of ~20% in near-infrared luminosity from 1983 to 1985. For an 
assumed distance to the L1641 cloud of 460 pc, the luminosity 
in 1985 between 1.2 and 4.8 рт is ~27 Lo, the IRAS luminosity 
between 12 and 100 рт (without colour correction factors) is 
~120Le, and an interpolation between 4.8 and 12 рт yields 
roughly another 100... Altogether, the luminosity of the source 
is ~250Le; this is considerably less than that observed for 
cen embedded stars, but fairly luminous compared with the 
average low-mass pre-main-sequence star. Except for the IRAS 
catalogue, the source is not listed in catalogues of infrared 
sources. The source FIRSSE101 is only 2.5 arc min away’, one- 
third of the way towards the equally bright source IRAS05375- 
0731. Since FIRSSE101 was detected with a 10-arc-min beam, 
it is probably an unresolved blend of the two sources. 

We have explored the nature of the infrared source through 
optical and infrared spectroscopy of the reflected light. Figure 
2 shows a low-resolution red spectrum of the luminous eastern 


Table 1 Positions measured on the 1979 Schmidt phase 


Object RA (1950) Dec. (1950) 
Object 50 5h39 min 05.0 s —7° 30’ 26" a 
Object 50 IRS 5 38 03.4 -7 29 04 b 

(optical position) 
Object 50 IRS 5 38 02.7 -7 28 59 
(IRAS position) 





IRS, infrared source; a, approximate central position; b, brightest 
eastern lobe. 
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Fig.3 A 2.2-um map of the infrared source and its immediate 
surroundings, obtained with a 5-arc-s diaphragm though the ESO 
1-m telescope at La Silla on 9 February 1985. The contour levels 
are at 5, 7, 10, 12, 15, 20, 30 and 50 (arbitrary units). The source 
is clearly extended along the axis determined by the source and 
the centre of the redshifted CO lobe. The contours of the infrared 
reflection nebula correspond very well to the optical a 

of the object at the same time. The ruled circle shows the size of 
the aperture stop used to make the map; it corresponds to a 5-arc-s 

diameter circle on the sky. 


lobe east of the infrared source, obtained on 27 January 1985 
at the CTIO 4-m telescope with a Boller and Chivens spectro- 
graph and a CCD. The spectrum shows a slightly reddened 
continuum with purely terrestrial absorption features and only 
a few emission lines: mainly Ha and the calcium triplet, as well 
as weak line of [O I] and [S 11]. This appearance is very different 
from that of the more massive pre-main-sequence stars". In 
accordance with the luminosity estimate, the spectroscopic 





Table2 Infrared observations 


J H K L M 
31 January 1985 13.8 10.74 8.33 3.72 2.47 
(mag.) (0.25) (0.05) (0.01) (0.01) (0.03) 
12pm  25um 60pm 100pm 
IRAS (Jy) 28.3 89.6 186.6 225.0 





evidence suggests that the infrared source and the source of 
illumination of Object 50 is a low- or intermediate-mass pre- 
main-sequence star. The sudden appearance of Object 50 implies 
an abrupt : brightening of the infrared source reminiscent of FU 
Ori eruptions’. However, following an outburst, FU Ori stars 
do not show На emission, at least not strong enough to be 
visible in low-resolution spectra. Moreover, the 2.0-2.2-um 
wavelength range in these objects is characterized by a sup- 
pression caused by the 1.9-um H;O absorption band. Our 2.0- 
2.5-шт circular variable filter (CVF) spectrum shows no such 


absorption, only a red continuum with no lines. A 2.8-4.2-4m _ 


CVF spectrum shows a pronounced 3.07-шт ice absorption 
band. 

We obtained а map of the source at 2.2 um on 9 February 
1985, with the ESO 1-m telescope and a 5-arc-s diaphragm, by 
taking data at 3-arc-s intervals in right ascension and declination 
(Fig. 3). The infrared source is extended in a NW-SE direction, 
with a structure closely mimicking the optical beam seen in 
Fig. 1b. The linear optical and near-infrared feature is seen to 
emanate from the eastern side of the stellar source which lies 
at or slightly west of the western optical knot. The axis defined 
by the linear feature points directly toward the centre of the 
redshifted lobe of the bipolar CO outflow located to the north- 
west of the infrared source. The prototype of such infrared 
nebulae is located in Chamaeleon’. 
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Fig.4 a, A '?СО map made with the 7-m millimetre-wave antenna 

at Crawford Hill in New Jersey, showing the redshifted (broken 

contours) and blueshifted (solid contours) lobes of the bipolar 

flow associated with Object 50. Contour interval: 2 K km s~". The 

+ symbol at (0, 0) marks the position of the infrared source. The 

position of the optical nebula is indicated by the dotted pattern. 

b, A ?СО map showing the distribution of total emissivity (which 

is roughly proportional to the column density of molecular gas) 

in the region surrounding Object 50. Contour interval: 2 K km 4% 

T,* is the observed antenna temperature corrected for atmospheric 

attenuation. V is the velocity (in km s^!) with respect to the local 

standard of rest. 

A 10x 10-агс-тіп field was mapped in the "CO and "CO 
species with the AT&T Bell Laboratories 7-m millimetre-wave 
antenna located in Holmdel, New Jersey. The beam size of this 
antenna at 110 GHzis 100 arc s. An 8-arc-min-long, bent bipolar 
outflow (Fig. 4a) is centred near the infrared source. The velocity 
of the outflow is low; the full width of the high-velocity emission 
at the 0.2-K level is only —16 km 5 !. As we do not know the 
inclination of the source with respect to the line-of-sight, the 
true flow velocity is impossible to determine; however, a reason- 
able guess is that it is in the range 4-8 km ѕ '. Using the observed 
isotopic intensity ratio, '*CO/'*CO = 20 in the wings, we esti- 
mate the observed flow mass to be ~2.5Mo. About this much 
mass may be present at velocities hidden by the cloud core and 
is thus unobservable. Therefore, a good estimate for the total 
flow mass is 5 М2. The flow dynamic lifetime is R/ Vaow = 10° yr, 
making this one of the older bipolar outflows known”. The 
mechanical luminosity in the flow is 0.61, the energy of the 
flow is 2x 10“ erg, and the momentum is 30M. km s '. These 
values are characteristic of a highly evolved outflow associated 
with a star of intermediate luminosity. 

The "CO observations (Fig. 4b) show that the infrared source 
is located at the nothern end of a high-column-density region 
centred at Visp (velocity with respect to the local standard of 


dp $ à 
4 n T" - —- 
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rest) - 4 km s^'. We believe that the blueshifted portion of the 
CO outflow has been deflected to the west by the north-south 
ridge of gas. The optical nebulosity is situated at the extreme 
eastern edge of the blueshifted portion of the bipolar flow and 
is possibly a protrusion of high-density gas directly illuminated 
by the star through the cavity excavated by the outflow. This 
feature may be part of the structure responsible for the deflection 
of the blueshifted flow. Evidently this is the first place where 
the flow has punched a hole in the ambient foreground cloud, 
allowing scattered light from the infrared source to escape 
towards our line-of-sight. 

The abrupt appearance of Object 50 within the past 30 years 
may indicate a sudden brightening of the infrared source, similar 
to an FU-Orionis eruption. Variability of reflection nebulae has 
been observed before, notably in Hubble's variable nebula 
(МСС2261)% PV Сер!!! and R СТА (ref. 12 and J. A. Graham 
and A. C. Phillips, in preparation), but not on the spectacular 
scale reported here. We believe the underlying mechanism 
operating both in the present region and in the above objects 
is time variability of the light output from a young embedded 
star, possibly modulated by the movement of opaque masses 
very close to the star, causing patterns of light and shadow to 
move over the surrounding cloud. The extended cavities through 
which the light is transmitted to the reflecting surfaces have 
been produced recently by a bipolar outflow from the newborn 
star. This is probably a common phenomenon for all stars that 
are emerging from their parental clouds. In view of the sudden 
appearance of Object 50, we may here be seeing the first light 
emerging from this young star. 

We thank John Graham for the optical spectrum, Patrice 
Bouchet for giving us observing time to obtain the 2.2-рт map, 
and Leif Hansen for a CCD image. This study was supported 
in part by the Danish Astronomical Board and the Danish Space 
Agency. 
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Occurrence of liquid-crystalline 
mesophases in microemulsion dispersions 
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Although microemulsion dispersions have compositions which are 
related to lyotropic liquid crystals, their possible structures are 
not normally considered to be crystalline. As described here, 
small-angle neutron diffraction spectra have been obtained from 
some oil-water microemulsion dispersions, and display peaks which 
correspond to lamellar, hexagonal and cubic arrangements, similar 
to those observed in lyotropic liquid crystals. The formation of 
these liquid crystal mesophases (mesomorphic phases) seems to 
be a general feature of microemulsion compositions and not an 
isolated example. 

Surfactant molecules in aqueous solution self-aggregate in 
various ways“. At surfactant concentrations of less than about 
20-30 wt% , micellar solutions are formed, which comprise small 
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Fig. 1 Neutron small-angle diffraction patterns from microemul- 

sions with the compositions given in the text. a, Composition A; 

b, composition B. The vertical lines indicate the expected positions? 

for a, a lamellar structure with 185-À spacing and b, a hexagonal 
structure with a 200-À unit cell. 


quasi-spherical aggregates, with a radius approximately the size 
of the surfactant chain length’. Little or no long-range order 
exists between these micelles. At higher surfactant concen- 
trations the. micelles often increase in size, becoming rods or 

г plates; long-range order is established and the well known 

“ЈатеНаг, hexagonal and cubic liquid crystalline mesophases 
occur'7. Solubilization of hydrocarbons in these surfactant- 
water binary mixtures is often limited, but is considerably 
enhanced by the addition of a co-surfactant such as a short-chain 
alcohol like pentanol or butanol. 

The resulting oil and water dispersions, commonly termed 
microemulsions’, are frequently fluid, transparent and optically 
isotropic. Often such microemulsion dispersions can be formu- 
lated over a wide range of oil and water volume fractions. For 
small concentrations of oil or water the structure has frequently 
been found to be a dispersion of oil droplets in water or water 
droplets in 011°. The droplets are stabilized by an interfacial film 
of surfactant and co-surfactant and may be considered to be 
swollen micelles. 

Microemulsion dispersions are not normally thought to form 
liquid-crystalline mesophases. However, since in surfactant- 
water binary mixtures micelles precede the appearance of liquid- 
crystalline phases, and since some microemulsion dispersions 

- resemble swollen micelles, then under some circumstances, such 
as an increased volume fraction of swollen micelles, the oil or 
water droplets may rearrange in such a way that liquid-crystal- 
-Hpne materials result. Recently, a neutron diffraction pattern 
consistent with a cubic structure has been obtained from a 
microemulsion containing approximately equal volumes of oil 
and water’. Here I present neutron diffraction spectra from 
microemulsion dispersions which are characteristic of lamellar 
and hexagonal structures. Unlike the cubic phase mentioned 
above, these liquid-crystalline phases occur for low as well as 
high volume fractions of dispersed oil or water. These liquid 
crystalline materials differ from ordinary surfactant- water 
lyotropic liquid crystals in that the surfactant concentrations 
are much lower (10 wt% or less) than those normally used (~50 
wt% ). This results in lattice spacings (200-1,000 A) considerably 
‘larger than those found in surfactant- water binary systems (20- 

*. 400 А). One way of accounting for this difference in behaviour 
2745 the following: if in binary surfactant-water liquid crystals, 
ће liquid-crystalline phases are derived from small surfactant 
micelles (radius —20 i then in microemulsions they will arise 
from the larger swollen micelles (radius 100-200 A). Hence in 
the latter case not only will the crystal spacings be much greater, 
but because the bulk of the swollen micelle is comprised of 
either oil or water, the amount of surfactant in the dispersion 
























will be much less than for the binary surfactant-water case. 
Moreover, as the bulk of the surfactant is situated at the oil-water., 
interface, the ratio of the quantities of surfactant to өй ӨР 
surfactant to water will control the dimensions of the crystal: 
spacings. Such a simplistic explanation does not, however, 
explain why such liquid crystals arise. They may no longer b 
microemulsions in the strict sense of the word, and the use of 
this term may be misleading. Here I shall continue to call them 
liquid crystal microemulsions, although oil~water liquid crystals 
might be a more appropriate name. 

Figure 1 shows neutron diffraction spectra obtained from two 
liquid crystal microemulsions, which display lamellar and 
hexagonal structures. The spectra were obtained on the sma’ 
angle neutron diffractometer, D16, at the Institut Laue 
Langevin, Grenoble’. 

The microemulsion compositions were: А (lamellar) 
tetradecyl trimethylammonium bromide (0.58 р), pentanol 
(0.65 ml), cyclohexane (0.35 ml), О-О (8 ml); B (hexagonal), 
tetradecyl trimethylammonium bromide (1.42 8), pentane 
(0.60 ml), cyclohexane (4.0 ml), D-O (4.0 ті). So as to allow 
comparison, the composition of the cubic phase already repor. 
ted’ was tetradecyl trimethylammonium bromide (2.18); 
butanol (1.0 ml), octane (4.0 ml), ОО (4.0 ml). 

The spectrum from composition A (Fig. 1a) shows three 
equidistant Bragg peaks corresponding to a lamellar’ structure 
with a lattice spacing of 185 A. Although the dispersion contains 
more than 85% water it is both viscous and optically birefringent: 
The spectrum from composition B (Fig. 15) shows Bragg peuks 
for values of the momentum transfer (Q) in approximately the 
ratio 1:У3:2. This is consistent with a hexagonal arrangement 
with a unit cell of 200 A. Like the lamellar phase, the dispersion 
is both viscous and birefringent. As in ordinary lyotropic liquid. 
crystals, the viscosity increases in the order lamellar, hexagonal, | 
cubic: the lamellar phase flows slowly, whereas the cubic phase 
appears solid, flowing only over a period of days or weeks. 
None of these materials appears to behave as a newtonian fluid: — 
they form spontaneously on mixing and show no signs of separ- 
ation either after storage for more than a year or on centrifu- 
gation. Hence, they appear to be thermodynamically stable, and. 
probably do not consist of a dispersion of small liquid-crystal. 
particles. If the latter were the case, the resulting Bragg spacings 
would be much smaller than those observed. 

The structure of these phases has not yet been fully elucidated.: 
The lamellar phase probably comprises thin layers of cyclo- 
hexane sandwiched between an interfacial film of surfactant 
and co-surfactant. The amount of cyclohexane in composition 
A corresponds to approximately one monolayer; given the length 
of the surfactant molecule, this suggests that the oil-soap sand- 
wich should be approximately 30-40 A thick. This should be 
compared with the overall spacing of 185 A. These mesophases. 
occur over a relatively restricted range of alcohol concentrations, : 
For the lamellar phase this corresponds to a molar ratio of. 
alcohol to surfactant of —3: 1. This observation suggests that іп 
this case the interfacial layer is comprised of a two-dimensional 
hexagonal arrangement of alcohol molecules with a surfactant 
molecule in the centre. The proton NMR spectra consist of 
relatively sharp lines similar to those observed in ordinaryo 
lyotropic liquid crystals; this shows that the different molecular 
components are in a mobile liquid state. It thus seems likely 
that the interfacial layer of surfactant and co-surfactant has 
considerable dynamic disorder. Although the lameliar compo- 
sition (A) contains only a small amount of cyclohexane, much 
higher cyclohexane concentrations may be used. Lamel 
phases have been observed in compositions having equa 
volumes of oil and water, and even oil-based compositions. 1 
thus appears that the thickness of the oil and/or water laye 
can be varied almost at will. 

In the phase diagram, the lamellar phase of composition A 
adjoins that of a dispersion of swollen micelles, and changes in 
the alcohol or surfactant concentration result in a transition to 








such a structure. This suggests that the lamellar phase is closely 
related to a dispersion of droplets. A transition from a dispersion 
of droplets to a dispersion of plates could result in a lamellar 
hematic-type phase. The driving force for the transition is clearly 
related to the alcohol content of the dispersion. Following the 
interfacial theory (R) presented by Winsor'9, it can be argued 
that progressive intercalation of alcohol amongst the paraffinic 
surfactant chains will tend to reduce the interfacial curvature 
in the swollen micelle until flat regions are formed which sub- 
sequently order in a lamellar manner. This is supported by the 
Observation that in the hexagonal and cubic phases, which have 
locally non-zero interfacial curvatures, the alcohol-to-surfactant 
ratio is less than in the lamellar phase. 

Although all of the examples presented contain the same 
surfactant, I have also formulated liquid crystal microemulsions 
with other surfactants and co-surfactants. Their occurrence 
hence seems to be a general feature of microemulsion phase 
behaviour and not an isolated example. 

I thank the Institut Laue- Langevin, Grenoble, for providing 
the neutron beam time, and S. Wilson and L. Braganza for their 
assistance with the D16 diffractometer. 
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Suspensions of spherical colloidal particles in a liquid show a 
fascinating variety of phase behaviour which can mimic that of 
simple atomic liquids and solids. ‘Colloidal fluids’, in which 
there are significant short-range correlations between the positions 
of neighbouring particles, and ‘colloidal crystals’ 7, which have 
long-range spatial order, have been investigated extensively. We 
report here a detailed study of the phase diagram of suspensions 
of colloidal spheres which interact through a steep repulsive poten- 
tial. With increasing particle concentration we observed a pro- 
gression from colloidal fluid, to fluid and crystal phases in 
coexistence, to fully crystallized samples. At the highest concen- 
trations we obtained very viscous samples in which full crystalliz- 
ation had not occurred after several months and in which the 
particles appeared to be arranged as an amorphous ‘colloidal 
`, glass’. The empirical phase diagram can be reproduced reasonably 
well by an effective hard-sphere model. The observation of the 
colloidal glass phase is interesting both in itself and because of 
possible relevance to the manufacture of high-strength ceramics". 

The particles studied were colloidal polymethylmethacrylate 
(PMMA), stabilized sterically by poly-12-hydroxystearic acid". 
Électron microscopy, light scattering and crystallography 
showed the radius of the PMMA cores to be 305 + 10 nm and 
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the polydispersity (standard deviation of the particle size distri- 
bution divided by the mean size) to be about 0.05. The thickness 
of the stabilizer layer was 10-20 nm, a small fraction of the 
particle radius. Thus the repulsive potential arising from inter- 
penetration of the polymer coatings of different particles was 
relatively steep. The suspension medium was a mixture of 
decalin and carbon disulphide in volume ratio 2.66:1, chosen 
to match closely the refractive index of the particles, ~1.51 
(ref. 10). This provided nearly transparent samples suitable for 
light scattering measurements as well as for visual observation 
of processes occurring in the bulk of the samples. Furthermore, 
index matching is expected to minimize interparticle attractions 
due to van der Waals forces. Ten samples were prepared from 
a stock solution of known PMMA weight fraction (determined 
by drying). They were concentrated by low-speed centrifugation 
to form a dense sediment, followed by removal of a weighed . 
amount of clear supernatant liquid. Slow tumbling of the 
samples then redispersed the particles effectively. The fractional 
volumes фс of the samples occupied by PMMA cores were 
calculated using literature values for the densities of PMMA 
and the liquids. 

After extensive tumbling which, we assume, left the particles 
positionally randomized (that is, showing only local short-range 
order), samples 2-10 were set up as as shown in Fig. 1a and 
were illuminated obliquely from behind by a broad beam of 
white light. The most dilute sample (2, on the extreme right of 
Fig. 1a), with Фс = 0.393, showed no macroscopically observ- 
able change with time. Earlier work'^ "^ has established that at 
(and below) this concentration the particles are spatially 
arranged much like atoms in a dense liquid, exhibiting consider- 
able short-range positional ordering. Although hindered by their 
neighbours, the particles remain able to diffuse through this 
colloidal fluid under the influence of brownian motion. After 
times ranging from minutes to hours, small, Bragg-reflecting 
crystallites formed homogeneously throughout the volumes of 
samples 3-7. In samples 3-5 the crystallites settled under gravity 
within a day to form well-defined boundaries between coexisting 
polycrystalline and fluid phases. Samples 6 and 7 remained filled 
with small compact crystallites. In these two samples the state 
of lowest free energy is evidently a colloidal crystal which grows, 
by diffusion of the particles, from the randomized metastable 
state formed by the tumbling process. Once crystallization is 
complete, the particle motions are largely limited to local 
brownian excursions centred on sites in the regular crystalline 
array. The crystal structure was determined by light-scattering 
crystallography to be face-centred cubic", The coexistence of 
colloidal fluid and crystal observed in samples 3-5 is analogous 
to the coexistence of a simple liquid and solid (such as ice and 
water) at a first-order phase transition. Sample 8 crystallized 
heterogeneously, starting from the meniscus and cell walls, to 
form relatively large irregular crystals. The most concentrated 
(фс2 0.50), highly viscous samples 9 and 10 exhibited only 
partial heterogeneous crystallization even when left undisturbed 
for several months. Although the crystalline state is, presumably, 
still thermodynamically preferred for these samples, it appears 
that the concentration is so high that particle diffusion is hin- 
dered to the point where crystals do not form on this timescale 
and the suspensions remain in the metastable amorphous phase 
created by the tumbling. The different results of homogeneous 
and heterogeneous nucleation are shown clearly in Fig. 1b. 

The observed phase behaviour is summarized in Fig. 2. In the 
coexistence region we plot the fraction of the sample volume 
occupied by the crystalline phase against фс. Not surprisingly, 
we find a linear (lever-rule) dependence which, when extrapo- 
lated to 0 and 100%, provides ‘freezing’ and ‘melting’ concentra- 
tions. 

While there is evidence" that, due to interpenetration of their 
stabilizing polymer coatings, the interaction between the parti- 
cles is slightly ‘soft’, it seems simplest to discuss our findings in 
terms of an effective hard-sphere model; such models for simple 
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Fig. 1 а, Nearly-hard-sphere sus 
pensions, 4 days after tumbling, 
illuminated obliquely from behind 
by white light. The samples are con- 
tained in cells of cross-section 1 cm x 
| ст and are numbered 2-10, in our 
nomenclature, from the right in order 
of increasing concentration. Actual 
concentrations are shown in Fig.2 
Immediately after tumbling, all the 
samples appeared featureless (see 
top of sample 2 or bottom of sample 
9), reflecting randomization of the 
particle positions. The text describes 
the dynamic processes which occur- 
red over 4 days and led to the struc- 
tures depicted in the photograph 
The scattering geometry is such that 
the first peak in the structure factor 
of the amorphous phases and the first 
Bragg reflection of the crystals occur 
in the red at the right of the picture 
and in the blue-green at the left 
Some overall gravitational settling of 
the particles has occurred, leading to 
a small layer of crystals at the bottom 
of sample 2 (which, it should be 
emphasized, showed no crystalliz 
ation in the bulk) and compaction of 
the crystallites at the bottom of 
samples 3-7. b, Close-up of samples 
7-9 under the same conditions as 
in a. Crystallization nucleated 
homogeneously in sample 7 but 
heterogeneously in sample 8. The 
lower part of sample 9 shows clearly 
the amorphous glassy phase which 
did not crystallize over several 
months 


liquids have been extensively studied, both theoretically and by 
computer simulation'^""", Thus we assume that the core volume 
fraction $E = 0.407, at which freezing starts (see Fig.2), is 
equivalent to an effective volume fraction 0.494, the freezing 
concentration for hard spheres'^, This implies a hard-sphere 
interaction radius about 20 nm (roughly the thickness of the 
stabilizer layer) greater than the core radius, —305 nm. We 
therefore include in Fig.2 a scale appropriate to the effective 
hard-sphere volume fraction, defined by $, = (0.494/0.407) фо. 
With this scaling the melting density ФМ = 0.536 for the colloidal 
suspension is slightly smaller than the value 0.545 expected for 
the equivalent hard spheres'^. Such a slight difference between 
the observed coexistence region and that expected for hard 
spheres could be caused by several factors; for example, softness 
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of the interparticle potential", slight interparticle attı 
particle polydispersity'*, or, very likely, a combi: 
The effective volume fraction of the most con 
sample, 10, is close to the value фр = 0.637 expecte 
Bernal (random close-packed) hard-sphere glass 

We conclude that the colloidal suspensions describe 
should prove useful model ‘nearly-hard-sphere 
further experimentation. In particular, the rate of tra rt 
these suspensions is many orders of magnitude sma 
that in simple molecular systems, a property whicl 
simplify the study of some kinetic processes^'. We ha: ea 
made a number of other measurements, discussed 
These include: the kinetics of crystallization, light cry 
phy, rheological measurements in the metastable 
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Hard spheres: freezing melting Bernal glass 


Fig. 2 'Phase-diagram' of the samples shown in Fig. 1. Arrows at 

top indicate the sample concentrations. The two horizontal axes 

indicate the measured volume fraction of PMMA cores and the 

effective hard-sphere volume fraction defined in the text. Arrows 

at the bottom indicate the volume fractions, obtained from com- 

puter simulations, for freezing, melting and random close packing 
("Bernal glass') of hard spheres. 


glassy phases, and measurements by conventional and dynamic 
light scattering of structure factors and particle diffusion in the 
fluid, crystal and glassy phases. The discovery of a glass com- 
posed of (nearly) equal-sized spheres is especially interesting 
since, although there has recently been considerable theoretical 
work (for example, refs 22-25) and computer simulations'^'* 
on such model glasses, real glasses composed of spherical units 
are rare. (Colloidal glasses observed up to now have contained 
mixtures of spheres of different sizes™.) Finally we note current 
interest in manufacturing industrial ceramics from “green 
bodies’ composed of particles of uniform size packed densely 
either at random (a colloidal glass) or in a colloidal crystal; the 
present work shows how both these structures may be achieved. 

We thank Professor R. H. Ottewill and his group at Bristol 
University for providing the PMMA particles complete with 
electron-microscopic characterization; Dr L. V. Woodcock for 
a valuable discussion; and Mr L. Clarke for the photography. 
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Bubble raft model 
for indentation with adhesion 


J. M. Georges, G. Meille, J. L. Loubet & A. M. Tolen 


Laboratoire de Technologie des Surfaces, Ecole Centrale de Lyon, 
36 avenue Guy de Collongue, CNRS UA 85, BP 163, 
69131 Ecully Cedex, France 


Indentation hardness tests are now widely used to measure the 
mechanical properties of solid surfaces'^. Recent developments 
of this technique** permit the analysis of the outermost 10 nm of 
materials. Experimental and theoretical questions arise regarding 
the physical and mechanical processes involved in such small 
indentations. We describe here an indentation experiment on a 
microscopic scale, using soap bubbles blown onto a water surface. 
Bubble rafts provide a simple two-dimensional model for inden- 
tation behaviour; as for other materials, their behaviour is 
governed by two principal attraction-repulsion forces“, and by 
geometrical constraints. A crystalline two-dimensional lattice is 
obtained by using bubbles of uniform size" ^, whereas bubbles of 
two sizes give an amorphous structure'^"', Indentation can be 
represented by the contact between a triangular crystalline raft 
and a rectangular crystalline raft bordered by an amorphous layer. 
The flow of the materials, which is dependent on both adhesion 
and the force between the two rafts, can be analysed during the 
experiment. 

The experimental configuration is shown in Fig. 1. We used 
a rectangular glass trough, approximately 60 x 30 cm and 15 cm 
deep, containing a soap solution of surface tension y= 
6.9x 10? Nm‘. Air at constant pressure was blown through 
short capillaries with 50-um and 100-рт bores in order to 
produce uniform bubbles. The bubble diameter depends on the 
nozzle size and is independent of the distance of the jet below 








Fig. 1 Bubble rafts used to model the indentation process. Two- 
dimensional rafts containing bubbles of 2.3mm and 1.4mm 
diameter are blown onto a water surface. The displacement to 
frame a, B, parallel to frame af; causes indentation to take place. 
The force F is measured in the plane perpendicular to frame а,8;. 
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Fig. 1 Chemical oscillations in the permanganate-hydrogen per- 

oxide system (2x 107* M KMnO4, 3x 1074 M H,0,, 107? M H;PO,, 

ky =1.8x 1077 577, temperature 10 °С). The polarographic current 

was measured with a potential of 0.0 V applied to the 1.0 M mer- 
curosulphate electrode. 
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: Fig. 2 Plots of polarographic current (J) versus flow rate (ko) for 
othe KMnO,-H,O, system, In a (2x10*MKMnO, бх 
(107^ M H50,, 107° M H,PO,, temperature 10°C, E =0.0 V) the 
system displays kinetic/bistability; in b (2x 107+ M KMnO,, 3x 
107^ M HO, 107° M H;PO,, temperature 10°C, E —0.0 V) the 
system has two steady states and an oscillatory state. The system 
behaviour is described in detail in the text. 












«highest value of ka, the system is in an oxidized steady state. 
On decreasing Ко to 3 x 10? s^', the system passes from an OSS 
о ап oscillatory state, which persists down to kọ = 1.4x 10° s^. 
. On the other hand, on increasing ky from 1.4x 107° s^! to 3x 
107° 671, the system passes from oscillation to a lower set of 
_ steady states. The system does not oscillate at k,— 3x 107° s^! 
turning from the lower set of steady states. 
the conditions described here, the system exhibited sus- 
oscillations even when the inner wall of the CTR was 
with a film of paraffin. Also, we were able to follow the 
colour changes of the bulk of the solution even when 
was no Pt electrode immersed in the solution. Thus, neither 
s surface nor the presence of platinum was necessary for 
emical oscillations to occur. 
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The oscillations observed here may arise from the following 
feedback mechanism: 


H,0, H,0, е Әу oy 
Mn( vil) ——— Mn (1v) —— Mn (111) » Mn (и) 
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Further studies are under way in our laboratory on the detai! 
mechanism of this chemical oscillator, focusing on the role « 
Mn intermediates and phosphoric acid. We believe we hay 
found the first permanganate chemical oscillator, which mig 
herald the beginning of an era of chemical oscillators based 
transition-metal chemistry. 
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Intensity modulation 
in SAR images of internal waves 


D. R. Thompson & R. F. Gasparovic 
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During the SAR Signature Experiment! (SARSEX), conducted in 
1984 in the New York Bight off the eastern coast of the United 
States, synthetic aperture radar (SAR) images of the ocean surface 
and concurrent ground-truth measurements were collected in or er 
to test quantitatively various imaging theories. These theories" ^ 
predict that the intensity modulations observed in SAR images of - 
internal waves are produced by variations in the small-scale surface 
roughness induced by spatial variations in the internal-wavexarlace — 
current field. Analysis of the SARSEX data indicates that the. 
imaging theories can explain the observed modulation for L-band 
(~24-cm) SAR wavelengths, but under-predict by almost an order — 
of magnitude the observed X-band (—3.2-cm) modulation. Toc 
explain this latter discrepancy, we hypothesize a two-step mechan 
ism in which the observed X-band modulation results from addi- 
tional small-scale roughness produced by the strong perturbation 
of the metre-scale surface waves by the internal wave current field. © 

The SARSEX data! include L- and X-band SAR images of 
the ocean surface from various incidence angles and viewing 
directions, and for the first time, concurrent ground-trüth 
measurements of the wind velocity, surface current velocity and 
vertical temperature profile for each image. Figure ! shows 
typical L- and X-band images of the surface manifestation of 
a group of internal waves propagating towards the top (range 
direction) of the image. Тһе SAR incidence angles to these 
waves range from 25° to 47° which correspond to Bragg 2 
.wavenumbers kg (equal to twice the projection of the radar 
wavenumber on the horizontal surface) of 22-38 айта”! for 
L-band and 166-287 тайт”! for X-band. The research vessels 
Bartlett and Cape, seen near the bottom of the images, collected 
ground-truth data by traversing the waves on parallel track: 
towards the top of the scene. Note that both bright and dark - 
bands are associated with each internal wave in the L-band. 
image, but that only bright bands appear at X-band. An accep.” 
table SAR imaging theory, when coupled with the pertinent 
environmental data, should be able to explain quantitatively the 
features observed in these images. 
























































For the radar frequencies and incidence angles appropriate 
to Fig. 1, the radar backscatter from the ocean surface is given 
by the Bragg scattering Іт, In this limit, the SAR intensity 
modulation (or relative intensity) for range-travelling waves is 
given by 


S(kp, x) + S(—kg, x) 


: 1 
Seq( kp) + S Co в) (1) 





M (Kg, x) = 


where the surface-wave height spectral density S(kg, x) is а 
function of position (x) due to the presence of the surface 
current field. The quantity S,,(k) is the equilibrium (no-current) 
spectrum. The problem is to understand how Seq k) is modulated 
by the surface currents. 

As pointed out by Hughes* and Alpers’, the time and spatial 
“variations of the internal-wave current field are much slower 
hän those of the relevant surface waves, so that a Wentzel, 
Kramer, Brillouin-type theory! may be used to describe their 
interaction. For this study we adopt an action-balance equation 
proposed by Hughes* of the form 


SN US XU 
dt 


where the action spectrum N(k; x, t) = p[«o/ |k|]S(k; x, t), p is 

he fluid density, оо is the intrinsic frequency of a wave in a 
local rest frame given by w= gk[1+(k/ 363)"], with g being 
the gravitational acceleration, and the ( К/363)> term accounts 
"for surface tension effects. The time dependence of k and x in 
equation (2) is given by the coupled system 


= B(k) N(k; x, t) [1M | ot 


dx, дао. 
I оен. 
dt ok ` 
, (3) 
ЧК | 90 
dt 3 ax, 


where Ux, 1) is the surface current field, the indices run from 
1 to 2, and repeated indices are summed. This system defines 
trajectories in four-dimensional phase space along which 
equation (2) is valid. The size of the source term on the right- 
hand side of equation (2) depends on the function B(k), the 
so-called relaxation rate. It is an increasing function of k and 
“wind speed, but there is considerable uncertainty as to its exact 
functional form**. In the present study we use the expression 
for B(k) given by Hughes. With the relaxation time т = B, 
we find, for the conditions of the SARSEX images in Fig. 1, 
that r ranges from 10 to 20s at L-band and from 1 to 2sat 
|; X-band. 

With the definition S(k, x, t)/ S, (k) = [1+ P(k; x, NI, we 
“can integrate equation (2) to obtain Р(Қ; x, t) in the form 


ТЕТЕ та Ее 
4 
expl -f; (с) dt") dr' i 


where NK) = p[o,/|k|] S. (Kk), ©. = 1/7 №, and the time 
dependence of the primed and double-primed variables is given 
by equations (3). For the results presented below, S,,(k) is given 
by a modified Pierson equilibrium spectrum’, with а cos* [(0; — 
6,,)/2] angular dependence where 6,, is the wind direction. No 
assumptions concerning the properties of the current fields have 
been made in obtaining equation (4). For the case where jul« 
8tg/àk and |aU/ àx|« B, it can be shown that equation (4) yields 
the perturbation given by Alpers’. 

Experimentally determined surface currents and winds were 
input to the model described above, and the calculated intensity 
modulations were compared with those measured from the SAR 
images. The measured currents were parameterized in the form 
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U, sech? [K (x — C,1)], with typical values for the peak current 
U,, phase speed C, and peak gradient for the waves shown in 
Fig. 1 being ~0.3-0.6 m s™', 0.65-0.75 m s^' and 0.002-0.008 87!, 
respectively. The wind speed was 6ms'^! towards 145? with 
respect to the direction of internal wave propagation. 

Figure 2 compares the measured L- and X-band intensity 
modulations along the track of Bartlett over waves 2, 3 and 4 
(solid curves) with the predictions from the wave-current inter- 
action model (dashed curves). The measured relative intensities 
were obtained from the digital SAR imagery by averaging over 
about 145 m in azimuth, smoothing over 30m in range and 
normalizing so that the mean background intensity is unity. As 
Fig. 2a shows, the general agreement between measurement and 
prediction at L-band is quite encouraging, although the 
maximum measured modulation is somewhat under-predicted. 
Note that the calculated modulation reproduces both the 
enhancement and reduction in intensity observed in the L-band 
images. In fact, the computed modulation is roughly propor- 
tional to the horizontal current gradient, in agreement with 
Alpers' theory. Thus, we feel that, within the uncertainties 
inherent in the ground-truth measurements and the exact value 
of the relaxation rate, the wave-current interaction theory out- 
lined above can adequately explain the L-band SAR imaging 
of internal waves. 
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Fig. 1 
internal waves recorded during the SARSEX. 











the surface and the pressure. A raft with uniform bubble 
diameter (2.3 mm) gives a crystalline structure; a raft with a 
40/60 mixture of two diameters (2.3 and 1.4 mm) gives an 
amorphous structure. 

The indentor is a triangular sheet of large bubbles with tip 
angle 20 = 60° which sticks to the frame о, 8, (Fig. 1). The 
‘indented material is a layer of a mixture of two sizes of bubble 
(thickness h,o) on a substrate which is a rectangular sheet of 
large bubbles (thickness йо) attached to frame aß. Frame 

< «В, is moved at constant low speed (0.5 mm 87!) parallel to 





Fig. 2 Examples of deformation during loading (a) and unload- 

; "ing (b). The boundaries of the amorphous layer are shown during 

the initial (1, dashed lines), intermediate (2, dotted lines) and final 

2242; dash-dot lines) stages of indentation, and during (4, dashed 

lines in b) and after (5, dotted lines in 5) unloading. In the final 

tonfiguration (5), note the adherent amorphous layer on the 
І crystalline indentor. 












frame a;f,, causing an indentation in which a displacement, 

rather than a load, is imposed. As indentation proceeds, the 

normal force F transmitted to 2,8, is continuously recorded, > 
giving the loading curve (see Fig. 3). The movement is then 
reversed to obtain the unloading curve. 

An enlarged motion picture of the experiment reveals some 
important aspects of the indentation process (Fig. 2). As the. 
indentor approaches the surface, adhesion occurs between the. 
indentor tip and the amorphous layer. Attractive forces between 
the two rafts appear well before the two touch, at a distance of. 
about 5 mm. On moving а, 8, further, repulsive forces appear, | 
and the first displacements occur in the amorphous layer. Then 
the indentor sinks into this layer, which clearly undergoes cone 
siderable plastic flow. In spite of local slips, the substrate does 
not yield perceptibly under the thrust until the penetration 
reaches a point where only a small amount of amorphous 
material (a thickness of 5 or 6 bubbles) is trapped in the interface. 
It is essential to note that, however far we pushed the indentor 
into the layer and substrate (3, Fig. 2), we could never penetrate — 
the amorphous layer. 

On unloading, the amorphous material sticks to the indentor 
tip so that tensile flow results in contraction and finally rupture 
in the glassy structures. Therefore, the ‘surface’ after testing 
does not have a regular triangular deformation but a hollow 
imprint with a protruberance in the middle. The indentor tip 
has an adhered layer, a fact that should be kept in mind when 
performing repeated microindentation measurements. 

Figure 3 shows the loading and unloading curves, obtained 
by plotting the load F against the displacement x = й, — А where 
h is the current distance between the two frames. Repulsive arid 
compressive forces lie above the abscissa; attractive and tensile. 
forces lie below it. The arrowheads indicate the progression of 
the experiment. As loading begins (A), the initial force is attrac 
tive, due to adhesion between the indentor tip and the amer- 
phous layer. With progressive deformation, adhesion becomes 
less important, and F increases broadly proportionally to x; 
superimposed on this linear trend are some sudden instabilities 
caused by grain slips and dislocation movements in the crystal- 7 
line rafts. Towards the end of the loading the force rises steeply, 
thus confirming the earlier assumption that loading consists of 
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Fig. 3 Loading and unloading curves for indentation experiment. 
Loading (A-C): after an initial attractive stage governed by 
adhesion (A), the force F increases; first gradually, in propertion 
to displacement x (A-B, governed by amorphous layer behaviour), 
and then more steeply (B-C, governed by substrate behaviour). 
Unloading (C-F): elastic recovery (C-D) is followed by traction 
(D-E), and then by contraction of the amorphous layer (Е-Е). 
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Fig. 4 Mechanical behaviour of crystalline (O) and amorphous 

(A) rafts. Data points lying on solid lines were obtained from the 

analysis of the indentation process, those on broken lines from 

additional traction and compression experiments. oga and със 

are the elastic limits of the amorphous and crystal tests, respec- 

tively. During the process of indentation, the mechanical behaviour 
of the amorphous layer follows points А, B, C, D, Е, F. 


two distinct stages, affecting first the amorphous layer and then 
the substrate. 

On unloading, the first step is elastic recovery (C-D, Fig. 3) 
of the crystalline rafts. This is followed by traction, transmitted 
through the amorphous layer (D-E), which finally decreases 
(E-F) as the amorphous material contracts. 

In order to treat the stress and strain data quantitatively we 
define the mean stress to be the force F divided by the specimen 
breadth L (Fig. 2a). We therefore measure, for each displace- 
ment x, the dimensions h of the indentor, A, of the layer and 
hs of the substrate, measured along the symmetry axis 5-8” 
(Fig. 1). The values e, (hi — h)/ hip = X,/ Bio G=1, L, S) give 
the uniaxial deformation of each layer. The measurement of the 
breadth L of the indentor then yields the two-dimensional stress 
F/L. 
> Тһе above observations suggest that the amorphous material 

behaviour accounts for the bulk of the stress F/ L = f(x, / hio) 
2 during most of the experiment. To investigate the behaviour of 
the crystalline raft, a compressive and tensile test curve for a 
uniform sheet of large bubbles is also plotted (Fig. 4). 

We find that the elastic modulus (see also ref. 12) and yield 
stress of the amorphous material are less than those of the 
-.erystalline material. Instabilities are clearly shown in the stress- 
‘strain curves of the crystalline material, in accordance with 
; previous work". Finally, the hardness measurement shows that 

the mean pressure is proportional to the yield value, with the 

constant of proportionality depending on the shape of the 
-"indentor. 
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A novel, non-halogen-based 
chemical oscillator 
Arpád Nagy & Ludovít Treindl 
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Although a kinetic bistability in the reduction of permanganate 
by hydrogen peroxide! as well as in the reduction of permanganate 
by oxalate”? in a continuous-flow tank reactor (CTR) has recently 
been observed, a permanganate chemical oscillator has not yet 
been described. So far, the only oscillator known has been a 
bromate one containing permanganate, Мп?” ions and oxalate as 
a subtrate*. The discovery of new chemical oscillators which are 
essentially different from those described previously is of great 
importance, as it supplies further information concerning the exact 
mechanistic requirements for chemical oscillations to occur. We 
report here the conditions under which a permanganate chemical 
oscillator functions in a CTR. 

Our novel chemical oscillator consists of an aqueous solution 
of potassium permanganate, hydrogen peroxide and phosphoric 
acid. During the reaction in a CTR, the platinum redox-electrode 
potential and polarographic limiting current oscillate. A periodic 
change of colour of the bulk of the solution from violet to pink 
during the oscillation is also observed. Figure 1 shows the typical 
oscillatory pattern of the Pt redox-electrode potential and of 
the polarographic limiting current. 

We used a glass CTR (40 ml volume) with a mantle connected 
to a TB 150 ultrathermostat (Medingen), and monitored the 
oscillatory reaction using a Pt redox electrode (Radelkis, 
Hungary), or polarographically by means of a static Pt electrode 
in flowing, well-stirred solution. We applied a potential of 0.0 
or +1.0 V to a separated-mercurosulphate (1.0 M) electrode. The 
polarographic current at a potential of 0.0 V results mostly from 
the reduction of MnO, ions; at +1.0 V it results from the anodic 
oxidation of Mn?* ions. We were able to monitor the chemical 
oscillations at both potentials. The experiments were done with 
a stirring frequency of 400 min`". The flow of solution through 
the CTR was driven by a peristaltic pump, type PP 2-15 
(ZALIMP, Poland) The potentiometric and polarographic 
measurements were made using a precision digital pH meter, 
OP-208/1, and a polarograph, type ОН 102 (Radelkis, 
Hungary), respectively. 

Our system (which comprises aqueous permanganate, hydro- 
gen peroxide and phosphoric acid) exhibits a kinetic bistability 
either between two stationary states or between an oscillatory 
and a stationary state (Fig. 2). Following a stationary polaro- 
graphic limiting current or a Pt redox-electrode potential, a 
kinetic bistability between two stationary states can be observed 
(Fig. 2a), if both reactants are in a stoichiometric ratio or if 
there is excess hydrogen peroxide. This kinetic bistability is 
similar to that of the permanganate-oxalate system’, which we 
were able to reproduce in our CTR. Following the conventions 
of De Kepper, Epstein and Kustin'Ó, we use the terms 
"thermodynamic branch' and 'flow branch' to describe the per- 
manganate-hydrogen peroxide bistability. The set of states with 
low polarographic current (PC) is referred to as the reduced 
steady state (RSS) because manganese is mainly in its reduced 
form; this set of states corresponds to the thermodynamic 
branch. The set of states with high PC is referred to as the 
oxidized steady state (OSS), as manganese is in its oxidized 
form, Mn (vil). This set of states corresponds to the flow branch. 
The two branches overlap over a large range of Ко values. The 
arrows in Fig. 2 indicate the transitions from one steady state 
to another. 

Figure 2b shows the behaviour of the system when potassium _ 
permanganate is in a stoichiometric excess. Starting from the 
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The situation at X-band is not so clear, however (Fig. 2b). 
The measured X-band relative intensity maxima have nearly the 
same values and occur at nearly the same position as the corre- 
sponding L-band maxima, but the pronounced regions of 
reduced intensity observed at L-band are not so apparent. The 
computed X-band modulations, on the other hand, differ from 
the background by only a few per cent. This is because the 
source term on the right-hand side of equation (2) is more 
effective in forcing the X-band spectral components towards 
equilibrium. This under-prediction cannot be removed by simply 
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Fig. 2 Comparison of the measured (solid curves) and computed 
(dashed curves) L- and X-band relative intensity for waves 2-4 as 
discussed in the text. a, L-band; 6, X-band. 
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Fig. 3 Comparison of the spatial behaviour of the current and 

current gradient determined for wave 3 with that of the computed 

spectra] modulation at several different wavelengths. a, Surface 
current; b, surface current gradient; c, spectral modulation. 
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adjusting the X-band relaxation rate to a value similar to that 
at L-band without sacrificing the intuitive feeling that shorter 
surface waves should respond more quickly to wind forcing 
than should longer ones. Furthermore, such an adjustment of 
the X-band relaxation rate would produce significant regions 
of decreased intensity which are not apparent in the X-band 
images. 

These observations indicate that although the presence of the 
internal-wave surface current does indeed produce enhanced 
roughening of the surface at X-band scales, this roughening is 
not due to direct modulation of X-band Bragg waves as 
described by equation (2). Since it is well known that steep 
metre-scale gravity waves tend to lose energy to smaller scales 
through nonlinear interactions and ultimately through break- 
ing!°, we propose that the observed X-band modulation is the 
result of a two-step process in which small-scale roughening is 
generated due to the perturbation of the longer wind waves by 
the internal-wave surface current field. Hughes and Gower’ have 
alluded to a similar hypothesis as a possible explanation for 
observed differences in L- and X-band SAR images of internal 
waves in the Georgia Strait. 

For this hypothesis to be credible, the longer wind waves 
must be substantially modulated by the internal-wave surface 
current at roughly the same position as are the L-band Bragg 
waves. We have investigated this point by computing the per- 
turbation of a band of metre-scale waves by the surface current 
due to internal wave 3. Results are presented іп Fig.3c for 
wavelengths ranging from 0.21 m (L-band Bragg wave) to 27 m; 
the family of curves between A = 27 and A = 0.27 m corresponds 
to wavenumbers between 1 rad т! and 10 rad m^! in steps of 
1 тайт”! This plot shows that the position of maximum per- 
turbation for the longest waves is near the peak of the internal- 
wave surface current (Fig.3a). As the wavelength decreases, 
the position of the maximum shifts towards the position of the 
maximum (negative) gradient (Fig. 35). Moreover, peak modu- 
lations of two to three times the equilibrium value occur 
throughout this region of the internal wave phase. Although we 
cannot quantify the degree to which the small-scale surface 
roughness is affected by this modulation of the longer metre- 
scale waves, it seems likely that it is large enough to cause a 
significant increase, for example, in the density of parasitic 
capillary waves or small-scale, locally breaking waves, thereby 
affecting the X-band SAR return. The region of large modulation 
occurs at roughly the same location as the maximum L-band 
perturbation, consistent with the observation from the SAR data. 
The modulation of the longer waves might also produce addi- 
tional L-band scatterers which could explain the slight under- 
prediction of the maxima in the L-band SAR signatures dis- 
cussed earlier. Finally, we see from Fig.3 that there is an 
extended region where the metre-scale waves show a modulation 
less than unity. In this region, there should be no effect on the 
small-scale roughness from the two-step process discussed 
above, and the magnitudes of the X-band Bragg components 
should therefore be comparable to their equilibrium values. This 
would explain why no noticeable dark bands, such as those 
observed at L-band, are visible on the X-band images. 

We hope to test these ideas further by analysing additional 
SAR imagery under environmental and imaging conditions pro- 
ducing a different character for the longer-wave modulations. 
Such analyses should add significantly to our understanding of 
the physics governing SAR imaging of ocean currents, and 
perhaps eventually lead to the development of a tool for general 
internal wave monitoring. 

We thank E. Kasischke (Environmental Research Institute of 
Michigan) for the SAR data and for discussions; also our 
colleagues at Johns Hopkins/ APL including J. Apel, B. Gotwols 
and A. Brandt for useful discussions, J. Kerr and B. Rafi for 
processing the SAR images, and N. Curtiss and K. McMakin 
for preparation of the manuscript. The work was sponsored by 
the ONR. 
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Direct indication of pore-water advection 
from pore pressure measurements 
in Madeira Abyssal Plain sediments 
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The difference in pressure between the sea floor and a point in the 
underlying sediment is an indicator of the velocity of pore-water 
flow. This differential pore pressure has now been measured at five 
sites using a free-fall piezometer (pop-up pore pressure instrument, 
PUPPI) in a distal turbidite province of the Madeira Abyssal 
Plain. We found that at one of the five sites the pressure was 
slightly positive, at two others it was effectively zero, but at the 
remaining two sites the pore pressure was significantly negative 
(—450 and —120 Pa at 4 m depth). The implication is that at these 
last two sites water is moving downwards at rates of 3.1 and 0.8 mm 
уг”! (calculated using laboratory-measured hydraulic conduc- 
tivities from core samples). If this downward-movement is part of 
a hydrogeological system which includes upward movement of pore 
water elsewhere, there are obvious implications for schemes to 
dispose of highly radioactive waste by burial in deep-sea sediments. 

Pore pressure measurements in soils and sediments provide 
an essential component in the evaluation of the effective stress 
condition which góverns the material behaviour. The effective 
stress is given by a'— ø — и, where c is the total stress and и is 
the pore pressure. Thus pore pressure measurements in ocean 
sediments are of interest to those concerned with offshore con- 
struction. In addition, many geological processes (for example, 
consolidation, lithification, sediment stability and liquefaction 
potential) will be influenced by the state of effective stress and 
hence by the pore pressure. Another process which will be 
dominated by pore pressure gradients is the mass movement of 
pore water through the sediments. The PUPPI was designed to 
investigate the possible advection of pore waters at sites desig- 
nated as study areas for the feasibility of radioactive waste 
disposal. Pore-water advection is one of many factors that could 
potentially accelerate or retard the release of dissolved radionu- 
clides to ocean waters from buried canisters. 

It is generally accepted that the anomalously low values of 
conductive heat flux observed in areas close to active spreading 
centres can be accounted for by hydrothermal circulation 
through the highly permeable ocean crust into the sea; this 
process has been observed to occur in young oceanic crust! *. 
Evidence for the existence of pore-water advection in deep-sea 
sediments comes mainly from nonlinear temperature profiles 
measured at several locations??. Vertical pore-water advection 
velocities calculated from such temperature profiles and from 
pore-water chemistry have been compared at three sites in the 
equatorial Pacific!". It was found that the velocities calculated 
using sulphate diffusion-convection-reaction models were two 
to three orders of magnitude lower than velocities calculated 
from the nonlinear temperature profiles, suggesting that mechan- 
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Fig. 1 Schematic diagrams of the pop-up pore pressure instru- 

ment (PUPPI): left, after its free-fall through the water column 

and penetration into the sediments; right, after release from the 
sea floor, showing recoverable and disposable components. 
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Fig.2 Pressure-plot for PUPPI station 11184 showing the inser- 
tion pressure pulse at zero time (penetration) followed by the decay 
curve and the cut. Note the changes in the timescale. The inset 
shows an expanded record around the cut revealing a —0.45-kPa 
residual differentiai pressure. 


isms other than pore-water advection are responsible for the 
profiles". In addition it is unlikely, with currently available 
techniques, that a resolution of better than 100 mm уг”! could 
be obtained using temperature profiles. Studies of pore-water 
advection relevant to the disposal of high-level radioactive waste 


must have a resolution of better than 1 mm yr". 
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Meteor East study area showing the 

location of the five PUPPI sites in 

relation to faults, basement topogra- 

phy and sediment thickness. Inset 
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The movement of water through a permeable medium is 
described by Darcy's law: О = KAAu/mL, where Q is the 
- volume flow-rate of a liquid of viscosity 7 caused by a pressure 
difference Au over a length L in a cross-section A of a porous 
medium with specific permeability K. When water is the per- 
meant it is customary to define the hydraulic conductivity: 
k = Кув/ т, where y is the density of the fluid and g the acceler- 
ation due to gravity. The velocity of an element of water in a 
permeable medium is v = Q/ A; therefore, v = kAu/nygL, where 
n is the fractional porosity of the sediment. Values of k and n 
can be measured from core samples in the laboratory but the 
differential pore pressure must be measured in situ by a 
piezometer. 

The PUPPI (Fig. 1) was designed at the Institute of Oceano- 
graphic Sciences"? to measure residual pore pressures at a depth 
of 4 m in soft sediments with a final resolution of 10 Pa. It is a 
free-fall instrument that can be ballasted to penetrate a range 
of sediment types in water depths of up to 6,000 m. In its present 
configuration it has a single pressure port near the end of the 
lance, connected to a differential pressure transducer (the other 
port is open to the sea). It therefore measures the pore pressure 
with respect to sea-bed hydrostatic pressure. A programmable 
solid-state data logger is used to record the pressure data at a 
maximum rate of 0.5 sample per s. An accelerometer record of 
the penetration event enables the depth of penetration to be 
calculated. Recovery is accomplished using an acoustic com- 
mand that activates a release mechanism which simultaneously 
cuts the pipe connecting the pressure port to the transducer. 
The lance, ballast and cone assembly are left on the sea floor; 
the buoyant instrument package ascends to the surface for 
recovery. 

A sample pressure-time record is shown in Fig. 2 (note the 
changes in timescale which are necessary to illustrate the 
behaviour). When the instrument penetrates the sea floor, a 
pore-pressure transient (~40 kPa) results from the large radial 
stress imposed on the sediment by lance insertion and from the 
small vertical stress due to the submerged weight of the PUPPI 
(~75 kg). This pressure transient decays with time as the sedi- 
ment undergoes primary consolidation. After 10 min it has 
decayed to 10%, and after 3 h less than 1%, of the peak value. 
No detectable decay occurs during the final 24h; hence it is 
assumed that the pore pressure caused by the instrument has 
decayed to zero. 

To obtain pore pressure measurements of the required 
accuracy, the transducer must be accurately calibrated. Labora- 
tory experiments have shown that changes in ambient tem- 
perature and pressure cause only a small (<1%) change in the 
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total range; however, for maximum accuracy an in situ zero- 
calibration method is used. Pressure data are logged rapidly 
near the time when the pore pressure pipe connecting the trans- 
ducer to the pressure port is cut. The reading after the cut must 
be zero and any change in reading near the time of the cut, after 
averaging to remove the signal from tidal cycles, indicates the 
existence of a differential pore pressure in the sediments. The 
data shown in Fig.2 are plotted with reference to the zero 
pressure reading obtained after the cut. During the 500 s before 
penetration, the zero point on the transducer drifted by ~1 kPa 
as a result of temperature and pressure changes. It drifted a 
further 0.5 kPa before the pipe was cut 2 days later. 

Data were collected on Discovery cruise 153 from five sites 
within an area known as the GME (Great Meteor East) study 
area. Figure 3 shows a section through the area, based on the 
interpretation of coring and seismic reflection profiling data”. 
The inset shows the station positions. The area is an abyssal 
plain, comprising ~90-Myr-old basement overlain by a sequence 
of pelagic sediments, which are in turn overlain by a series of 
thick distal turbidites!^. Within the turbidite sequence there are 
a large number of faults which are clearly revealed on 3.5-kHz 
reflection profiles". The PUPPI stations cover three major areas: 
(1) D11180 is in an area of thick sedimentary cover (~700 m); 
(2) D11173 and D11177 lie within 50-200 m of the fault line 
(determined with bottom transponders for navigation); (3) 
D11182 and D11184 are in an area of thin sedimentary cover 
(~75 and 50 m) over a sub-bottom basement high that does not 
outcrop. The results are summarized in Table 1. Two sites show 
significant negative residual pressure gradients (D11177 and 
D11184). As shown in Fig. 3, D11177 is —50 m from a fault, on 
the downthrown side, whereas D11173 is —200 m from the same 
fault on the upthrown side. D11184 lies very close to the peak 
of the sub-bottom basement high, where there is ~50m of 
sediment cover, whereas D11182 lies on the flank, where the 
cover thickness is —75 m. One site (D11180) shows a small 
positive residual pressure, but the instrumental precision is not 
sufficient to distinguish this result from a differential pressure 
of zero. 

The advection velocities calculated for the two sites which 
show negative residual pressures (D11177 and D11184) are 
—0.8 mm уг! and —3.1 mm уг! respectively. The negative sign 
indicates that the movement is downward. These velocities are 
calculated using laboratory-measured values for the hydraulic 
conductivity (corrected for in situ conditions using density and 
viscosity data'^) and porosity (see Table 1). 

In these experiments the water which was used to fill the pipe 
before deployment had a measured density which could exceed 
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Fig. 4 Expanded pressure-time plot for PUPPI station D11184, 
showing the attenuated tidal cycles recorded as a result of the finite 
compliance of the differential pressure transducer. 


that of the bottom water by as much as 0.18%. This density 
difference could cause an apparent residual pressure of —78 Pa, 
which translates into an apparent advection velocity of —0.5 mm 
yr‘. The advection velocities listed in Table 1 might therefore 
have to be increased by up to 0.5 mm yr !; this would not change 
the overall interpretation of the data. 

The largest source of potential error is in the laboratory 
hydraulic conductivity measurement, and arises not from the 
technique used but from the possibility of unrepresentative 
sampling (missing fractures or open burrows) and/or disturb- 
апсе! (closing of open burrows). If this is a source of error, it 
is most likely that the in situ value will be higher than the 
laboratory measurement, possibly by up to an order of magni- 
tude. If this is the case then the advection velocities at all sites 
could be much higher. To resolve this uncertainty, we are inves- 
tigating the accurate in situ evaluation of hydraulic permeability. 
The most promising method involves the observation of an effect 
caused by tidal variation. Pore pressure measurements suffer 
from a time lag in their measurement because of the finite 
compliance of the transducer and the low permeability of the 
sediments. As a result of this, a tidal cycle appears on the pore 
pressure record. It is highly attenuated and possibly phase- 
shifted from the real tidal hydrostatic waveform. Figure 4 shows 
the tidal cycles observed at station D11184, which have an 
amplitude of —120 Pa, compared with the tidal amplitude of 
—7 kPa. The oscillations are only just within the resolution of 
the instrument but this could be improved by increasing the 
transducer resolution. A comparison with the actual hydrostatic 
pressure changes (monitored using a tide gauge) should enable 
accurate in situ values of hydraulic conductivity to be obtained. 

The limited hydrogeological data presented for the transect 
shown in Fig.3 show a downward flow of water over a sub- 
bottom basement high and near a fault. The questions that must 
be addressed for the radioactive waste feasibility study concern 











Table 1 Differential pressures and advection velocities calculated from 
the equation v = kAu/nygL* 

PUPPI 
site no. 'AU (Pa) V (mm yr!) 
D11173 0 0 
D11177 —120 —0.8 
D11180 +30 +0.2 
D11182 0 0 
D11184 —450 -3.1 





Au, Measured residual differential pressure; v, calculated advection 
velocity. 

*k-27x107?ms^'; n=0.77; y21,053kgm ?; g-9.81ms !; L= 
4m. 
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the nature of the flow. Is it part of a thermally driven convection 
cell, and if so what is the scale of the cell and where are the 
discharge areas? Or is it caused by a consumption of water 
within the deeper sediments or basement as part of a diagenetic 
chemical process? Possible discharge areas are from local 
abyssal hills or over large areas within the thicker sedimentary 
sequence, but the discharge rates must be below the present 
resolution of the PUPPI. The positive advection velocity seen 
at site D11180 may be indicative of such discharge. 

We thank B. Hart, A. Packwood, R. B. Whitmarsh and R. E. 
Kirk for significant contributions and advice during the concept 
and design phases of the PUPPI, and R. B. Whitmarsh, R. C. 
Searle, T. J. G. Francis, P. P. E. Weaver, D. Abbott, A. F. 
Richards and E. James for discussion and helpful criticism of 
the text. This research has been carried out under contract for 
the Department of the Environment, as part of its radioactive 
waste management programme. 
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Major trends of Quaternary global climate are reflected in the 
continental ice volume changes which have been reconstructed by 
oxygen-isotope analysis'?. 6180) records from deep-sea sediments 
show that the net glacial build-up occurs relatively slowly’, but 
that the end of an ice age occurs quickly, in less than 10,000 yr, 
implying a nonlinear response* to simple Milankovitch theory®. 
The latter observation suggests that the cause of the most recent 
deglaciation was the maximum in summer calorific radiation at 
the upper latitudes of the Northern Hemisphere centred around 
11,000 yr ago, a view supported by early studies’. Later work has 
produced conflicting dates, the main source of confusion being 
problems with obtaining accurate and reliable dates. Here, by 
using accelerator mass spectrometry, we have measured С for 
various species of foraminifera to produce a reliable timescale for 
the oxygen-isotope record. Our results show that, at the end of 
the last ice age, continental ice sheets began to melt more than 
4,000 yr before the Northern Hemisphere maximum of summer 
calorific radiation. 

The timing of deglaciation has important consequences for 
the mechanisms of climate change. The earlier work suggesting 
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Fig. 1 AMS “С ages plotted against sample depth in core CH73- 
139C for two foraminiferal species, G. bulloides (O) and N. 
pachyderma (8). 
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Fig.2 Oxygen-isotope records and (“С ages of the two 
foraminiferal species G. bulloides and N. pachyderma in the core 
СН73-139С. 


that the maximum rate of ice-sheet disintegration was centred 
at —11,000yr ago’, implying that ice melting was a direct 
response to insolation, has been cast into doubt by more recent 
isotopic analysis of deep-sea sediments deposited with a high 
sedimentation rate in the northeastern Atlantic Ocean. This 
suggested that deglaciation occurred in two discrete steps, the 
first (termination 1a) between 16,000 and 13,000 yr ago and the 
second (termination 1b) between 10,000 and 8,000 yr ago?. This 
evidence implies that there was no melting of the ice sheets 
between 13,000 and 10,000 yr ago, the time at which fastest 
melting should have occurred according to earlier studies. 
Recent studies add even more confusion: a two-step deglaciation 
centred at —12,500 yr BP was proposed by Mix’. Stacked oxygen- 
isotope data from foraminifera in tropical Atlantic sediment 
cores suggested that the last deglacial transition began at 
14,000 yr Bp'''. Other studies suggested that the deglaciation 
started 13,000-15,000 уг ago with one to three steps!'^?. There 
is thus a 3,000-yr uncertainty concerning the exact timing of the 
beginning of the last deglaciation. 

The main causes of age discrepancies in deep-sea sediment 
cores are mainly (1) bioturbation, which mixes the upper cen- 
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timetres of sediment and partially blurs the palaeoclimatic 
record and which is particularly severe in cores with a low 
sedimentation rate, and (2) the presence within the North Atlan- 
tic sediment either of ice-rafted carbonate or of wind-, river- 
and current-transported carbonate, which are derived from pre- 
Pleistocene continental rocks and bias !^C ages towards older 
values. 

Accelerator mass spectrometry (AMS) provides reliable "^C 
ages with only 1-2 mg of carbon; it thus offers a unique oppor- 
tunity to obtain “С ages on pure foraminiferal samples, free of 
detrital contamination. We present here analyses performed on 
foraminiferal shells from core CH73-139C, raised from the 
Rockall Plateau (54°38' М, 16?21' W, water depth 2,209 m). This 
core has a mean sedimentation rate approximately equal to 
10 cm per 1,000 уг“ which reduces (but does not cancel) the 
effects of bioturbation. Its isotopic and palaeoclimatic records 
are typical of those of the northeastern Atlantic Осеап 5416 We 
determined "^C ages for individual species of foraminifera using 
the Tandetron Accelerator in Gif-sur-Yvette'’; 1,000-2,000 
foraminiferal shells were examined under a binocular micro- 
scope for the two species Neogloboquadrina pachyderma (left 
coiling), which predominates during cold climatic episodes, and 
Globigerina bulloides, which is a transitional/subpolar species, 
abundant during interglacial conditions. The foraminiferal shells 
were cleaned in an ultrasonic bath, then attacked superficially 
with 107? M nitric acid to prevent surficial contamination from 
modern carbonate, and reacted under vacuum with phosphoric 
acid. The CO, evolved was converted to carbon by reaction with 
hydrogen in the presence of iron at 650 °C (ref. 18). The '^C/"C 
content of the sample was compared with that of a National 
Bureau of Standards oxalic acid reference sample prepared from 
the same amount of carbon and with the same amount of iron 
to prevent fractionation in the accelerator source, depending on 
the C/Fe ratio. Other fractionations were corrected by compar- 
ing the ?^C/'^C ratio of the sample with that of the reference 
sample'?. This procedure provides values for the '*C/ ^C ratio 
that ate accurate to better than 1% of the modern 'C content 
(M.A, et al, in preparation). Six pre-Quaternary foraminiferal 
samples prepared according to this procedure had a background 
contamination of 0.58+0.15% of the modern ‘“С/'?С ratio, 
corresponding to an apparent age of 41,500 yr, which is the 
present limit of dating for the Gif accelerator. This background 
contribution was subtracted from all the measurements and 
represents a minor correction. Errors for the '“C ages, calculated 
at the lo level, take into account the statistical error for the 
counts performed on both experimental and reference samples 
and the uncertainty on the background (M.A. et al., in prepar- 
ation). Finally, foraminiferal ‘С ages have been corrected for 
the apparent '*C age of surface sea water—that is, 400 years. 

Figure 1 plots |С ages against depth: in the upper 60 cm of 
the core, '^C analyses of G. bulloides indicate a mean sedimenta- 
tion rate of 12 cm per 1,000 yr. Between 60 and 100 cm depth, 
the beginning of the Holocene is characterized by a high 
sedimentation rate (26.7 cm per 1,000 yr). Below 160 cm, “С 
analyses of N. pachyderma indicate a mean sedimentation rate 
of 11.1 em per 1,000 yr during glacial times before 15,100 BP. 
Between 130 and 160 cm, !*С ages of М. pachyderma indicate 
a constant mean sedimentation rate of 7.6 cm per 1,000 yr from 
12,000 to 15,000 yr BP. Between 100 and 160 cm, the '^C ages 
of G. bulloides increase with core depth until 130 cm and remain 
constant from 130 to 160 cm. These constant age values indicate 
that G. bulloides became abundant in the northeastern Atlantic 
only after 11,600 yr BP and was mixed in older sediment levels 
by bioturbation. Only a few specimens were found below 160 cm. 
This abundance was sufficient for an oxygen-isotope analysis 
but not for С dating. At 100, 120 and 130 ст depth, the "C 
ages of G. bulloides coincide with those derived from an extrapo- 
lation of the sedimentation rate provided by “C analyses of М. 
pachyderma. We therefore assume a constant sedimentation rate 
of 7.6 cm per 1,000 yr during the whole climatic transition. This 
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value is lower than both glacial and interglacial values, in 
agreement with the fall in productivity associated with the 
deglaciation". 

Below 130 cm, bioturbation introduces a strong age difference 
between the two species which increases progressively to more 
than 4,000 yr at 160 cm. This result clearly illustrates how a !*C 
analysis performed on a mixture of species may be misleading. 
The age of any given species analysed for stable isotope coritent 
may be drastically different from that of the bulk foraminiferal 
population if the species exhibit important fluctuations in 
abundance and are mixed wih deeper layers in the sediment. 
AMS thus provides a new means to studying the impact of 
bioturbation in deep-sea sediments. 

Figure 2 shows the óxygen-isotope records of G. bulloides 
and of М. pachyderma and the ‘С ages obtained for the same 
species. The G. bulloides data show that termination 1b occurred 
after 10,500 yr BP, in agreement with the general recognition 
that this step followed the Younger Dryas cold event5-!9 213. 
The major development of G. bulloides at about 11,600 yr BP 
in the northeastern Atlantic Ocean coincides with the Allerod 
warm continental event. This result provides the first evidence 
that oceanic conditions may have varied during the Boll- 
ing/ Allerod interstadial complex, which lasted from 13,300 to 
11,000 уг BP. 

The “С ages obtained for М. pachyderma samples provide 
an accurate timescale for termination Ja. As this isotopic record 
is similar to, and in phase with, the benthic record of the same 
core within experimental errors, we believe that it reflects 
changes of continental ice volume during the last deglaciation. 
Our data show that the first phase of major melting began soon 
after 15,800 yr BP (level 160 cm; 8180 = 4.02) and was complete 
by ~13,300 yr BP (level 140 cm; 8!50 = 2.97). The mid-point of 
termination la is dated at ~14,000 yr BP, which suggests that 


the speed of deglaciation increased progressively during most · 


of this melting episode and fell sharply to zero by its end. The 
pause in ice melting until termination 1b is confirmed by con- 
sistent ages measured in both of the foraminiferal species during 
the interval 12,000-10,500 yr BP. 

By providing '*C ages for individuals of the same species as 
those analysed for 5/50, AMS allows us to minimize the effects 
of bioturbation and to derive the most accurate timescale for 
the palaeoclimatic record of deep-sea sediments. For example, 
the 8150 values of G. bulloides exhibit their first decrease at a 
depth 20 cm below that of М. pachyderma in core CH73-139C. 
AMS “С dates demonstrate that this 20-cm lead of the С. 
bulloides record over the N-pachyderma record is an artefact of 
bioturbation: The inconsistency between the two isotopic 
records disappears when both records are compared with the 
^C ages measured on the same foraminiferal species (Fig. 2). 
In view of this remarkable age difference between different 
foraminiferal species in a core with an accumulation rate ardund 
10 cm/kyr, it is not surprising that initial results from a core in 
the Pacific with an accumulation rate of only ~2 cm/kyr were 
disappointingly confusing”. 

The chronology of the last deglaciation that we propose here 
shows good agreement with the palaeocliinatic record of western 
Europe, which has a highly maritime climate closely linked to 
the temperature of the northeastern Atlantic Ocean. The internal 
coherence of both continental and oceanic evidence suggests 
that our timescale is probably exact within the uncertainties of 
the (“С dates, that is, ~250 yr in this time range. 

Our data demonstrate that the first rapid phase of deglaciation 
occurred before the maximum in summer calorific insolation 
over the high and middle latitudes of the Northern Hemisphere 
at 11,000 yr BP, they support the hypothesis that rates of ice 
melting are not linearly linked to insolation?? and that the 
deglaciation resulted from the complex interaction of many 
feedback mechanisms. This early deglaciation suggests that 
among these feedback mechanisms, atmospheric CO, concentra- 
tions and ice dynamics may have had a major role. On one 
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hand, increasing concentrations of atmospheric CO, at the er 
of the glaciation’? may have contributed significantly to tl 
forcing of the deglaciation because a comparison of 8C ar 
5150 analyses of planktonic and benthic foraminifera from tl 
Pacific Ocean suggests that the CO, increase began before co: 
tinental ice began to melt”. On the other hand, the mechanisn 
of ice dynamics are necessary to explain the disagreeme: 
between the two-step isotopic record suggesting a discontinuo: 
volumetric deglaciation, and the variation of the ice-sheet are 
extent between 15,000 and 7,000 уг BP which is more easi 
explained by a smooth progressive melting of the ice sheet? 
However, the seasonal disappearance of sea ice in the No 
wegian-Greenland Sea soon after 18,000 yr BP? may have ігі) 
gered rapid ісе calving into the ocean and the down-draw : 
the great ice ѕһееіѕ28. 
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Precambrian banded iron formations (BIFs) consist of alternating 
layers of silica and iron minerals such as haematite, magnetite 
and siderite™?, but there is controversy as to the origin of the iron, 
According to one point of view, iron was precipitated from sea 
water containing Fe(I1) ions in solution^*. Because the photodis- 
sociation of water vapour in the Precambrian atmosphere would 
have been too slow to generate enough of the most probable 
oxidizing agent, oxygen’, this process would have had to wait for 
the evolution of organisms producing oxygen. Cairns-Smith* and 
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Braterman et al." alternatively suggested abiotic photodissociation 
of FeOH*. Through the use of a Precambrian ocean model, I 
demonstrate here that such a process can quantitatively account 
for the formation of known BIFs. 

The ocean is divided into three regions (see Fig. 1): the mixed 
layer, the thermocline and the deep-water reservoir, and is 
composed of the following cations: Na*, K*, Mg?*, Ca?*, Fe?* 
and Н“; and anions: Cl", 5027, HCO;, СО27, ОН" and H9BO3. 
These ions can form various complexes. The mixed layer is 
100 m thick and is at a temperature of 20°C. Photo-oxidation 
of FeOH* occurs in this region. In the thermocline, which is 
1,000 m thick, the temperature decreases linearly with depth. 
Total Fe(11) (Fe?* + FeOH* + FeCl” + FeSO?) is transported by 
diffusion and upward advection (upwelling) throughout the 
thermocline. The deep-water reservoir is assumed to be 
homogeneous and has a temperature of 5 °C. Deep-water forma- 
tion at high latitudes is modelled by a pipe linking the mixed 
layer to the deep-water reservoir and in which the water circu- 
lates downwards with a velocity equal to the advective velocity. 

Following Holland, the deep water is assumed to be saturated 
with respect to siderite. Langmuir? reports a temperature-depen- 
dent expression for the activity solubility product. At 5 °С, the 
value Къ.со, = 1.31 x 10? mol? kg ? is found for the concentra- 
tion solubility product, using the activity coefficient of Fe?* and 
COS at an ionic strength I — 0.7. Ее(п) is transported upward 
from the deep water by advection and diffusion. In the mixed 
layer, Fe(11) is transformed into FeOH"; this ion is photo- 





Table 1 Reactions considered for the pH calculation 





Reactions log K Ref. | 
K, Fet-OH s FeOH* 3.86 18 
К, Fe*4Cl = FeCI* —0.45 18 
K, Fe?-SOl = Feso? 0.61 18 
К, H*-S0l s HSO; 1.064 19 
К; HCO;4Mg* SMgHCOZ 0.017 19 
Ks CO3 +Mg* sMgCO 1.512 19 
K, HCO;+Ca?* = CaHCOj 0.017 Assumed equal 
to K; 
Қа СОР Са” = СаСО 1.512 Assumed equal 
to Ke 
К, Mg**+OH” = MgOH* 1.58 19 
Ко Ca?^t-OH^  €&CaOH* 0.25 19 
Kı H,O *; H'-OH^ » 20 
K,, H,CO, s Ht+HCO; ж 21 
Кз HCO; *;H*-CO2- ы 21 
м НВО; s H*+H,BO; * 21 





* Kj; to K,, are temperature- and salinity-dependent expressions. A 
salinity of 35% has been assumed. 


oxidized and gives rise to Fe(111) falling particles. In this model, 
it is assumed that no reduction of Ее(іп) takes place in the 
thermocline, so that there is no production or sink of Ее(п) in 
this layer. Some Fe(111) may, nevertheless, be reduced to Fe(11) 
in the deep water. As a result, the rate of BIF deposition may 
be somewhat lower than the photo-oxidation rate Ópho:- 

The model is composed of three coupled sub-models, the first 
of which describes the photochemical aspects of the photo- 
oxidation reaction, the second calculates the pH profile and the 
third deals with ocean dynamics. These various calculations are 
repeated iteratively until convergence. 

In the photochemical model, the photo-oxidation rate Ppnot 
is calculated as a function of the FeOH* concentration in the 
mixed layer. The solar photons are absorbed in the mixed layer 
by FeOH" and water. Photo-oxidation occurs for photons with 
a wavelength between 220 and 460 nm. The molar absorption 
coefficient e#-oy is from ref. 9. However, Braterman et al? 
report an absorption coefficient at 366 nm that is about 13 times 
less than that found by Ehrenfreund and Leibenguth? at the 
same wavelength. Thus, the effect of dividing the absorption 
coefficient by this factor (over the whole spectrum) is assessed. 
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Fig. 1 Vertical structure of the ocean in the model; w is the 
advective velocity. 





According to Braterman et al’, the quantum yield y of the 
photo-oxidation reaction lies between 0.01 and 0.05. A mean 
value of 0.03 is adopted. The calculated photo-oxidation rate is 
multiplied by 0.5 to account for the day-night alternation. 

The photochemical model requires the FeOH* concentration 
in the mixed layer as an input. It may be obtained from the 
total Fe(11) concentration, provided that the pH profile is known. 
The pH is calculated by taking the chemical reactions listed in 
Table 1 into consideration. The concentrations of the major ions 
are assumed to. be equal to the present concentrations, except 
for Ca?* and SO7. The value [SO2 ] = 10 ? mol Кр”! is adopted, 
based on the discussion of Walker and Brindlecombe!!. The 
Ca?* concentration is chosen in such a way that the deep water 
is saturated with respect to calcite. [HCO3] and (СО? 1 are 
calculated from the requirement that the surface water be in 
equilibrium with the atmospheric CO, pressure, which is a model 
parameter. 

The Fe(II) concentration in the mixed layer is linked to its 
concentration in the deep water (at siderite saturation), by 
imposing that the upward flux of Fe(II) is conserved throughout 
the thermocline. The upward transport in this layer is due to 
advection and eddy diffusion. The diffusion coefficient K is 
assumed to be 4,000 m? yr^!, its present mean value!?. The 
advective velocity w is a model parameter; for the global ocean, 
its present value is ~4 m уг”!. 

Other details of the model will be presented elsewhere (L. M.F. 
and J.-C. Gérard, in preparation), where chemical oxidation of 
Fe(11) by oxygen will be studied quantitatively and compared 
with photochemical oxidation. 

The model has been run with atmospheric CO; pressures, 
Pco, of 1, 10, 100 and 1,000 PAL (PAL, present atmospheric . 
level). Table 2 lists the calculated values of @pnot- The ‘standard 
model’ refers to the case К = 4,000 m? yr ! and w=4m yr !; 
that is, it represents the ocean as a whole with conditions close 
to those pertaining at present. As the atmospheric CO, pressure 
is increased, two processes act in opposite directions. First, the 
pH in the mixed layer becomes lower so that [FeOH*] and phot 
tend to be reduced. Second, the carbonate ion becomes less 
abundant and, since the deep water is saturated with respect to 
siderite, the Ее?” concentration increases іп the deep water and 
also in the mixed layer as a result of transport, so that Ppnot 
tends to become higher. In the ‘standard model’, the second 
process is dominant and $,,,, increases from 0.308 mol Fe 
m ? yr ! at 1 PAL to 0.657 mol Fe m? yr™ at 1,000 PAL. The 
effects of varying several parameters of the model have been 
investigated. Increasing the quantum efficiency to the value 
y = 0.05 has no appreciable effect on фрһо- Thus, the experi- 
mental uncertainty in the value of y is not important. If the 
temperature of the deep water is increased from 5 to 20°C, the 
rate of photo-oxidation is decreased as a result of lower Fe(I!) 
concentrations caused by the lower solubility of siderite, but this 
decrease is not dramatic. The effect of dividing the absorption 
coefficient of FeOH* by 13 is marked at high Pco,. However, 
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Table 2 The magnitude of the FeOH* photo-oxidation rate Фрһо at 
various atmospheric CO, pressures 


Pphot P, со, Р, со, = Р, со, = Р, со,” 
(mol Fe тг? yr^!) 1PAL 10PAL 100PAL 1,000PAL 

(1) Standard model 0.308 0.335 0.440 0.657 
(2) y 20.05 0.309 0.337 0.444 0.676 
(3) Tyggp = 20*C 0.203 0.220 0.280 0.406 
(4) Modified absorption 

coefficient 0.301 0.312 0.359 0.361 
(5) Tpggp = 20*C 

modified aborption 

coefficient 0.198 0.204 0.225 0.215 
(6) w=0 0.195 0.213 0.280 0.427 
(7) w=0+ modified . 

absorption 

coefficient 0.192 0.203 0.245 0.278 
(8) w 24,000 туг! 75.1 42.3 20.7 9.11 


(1) Standard model: K = 4,000 m? yr !; w-4myr^!; y=0.03; tem- 
perature of the deep water, 5 °C. (2) Same as the standard model except 
that y=0.05. (3) Same as the standard model except that the tem- 
perature of the deep water is 20°C. (4) Same as the standard model 
except that the absorption coefficient &£g,o5;* of Ehrenfreund and 
Leibenguth? has been divided by 13. (5) Same as model (4) except that 
the temperature of the deep water is 20?C. (6) Same as the standard 
model except that w=0. (7) Same as model (4) except that w=0. 
(8) Same as the standard model except that w = 4,000 m yr !. 


even at 1,000 PAL, this variation of £g,oj* has no great effect 
on the photo-oxidation rate: pho: shows a decrease of only 
<50%. Therefore, it seems that the mean photo-oxidation rate 
dpnot for the global Archaean ocean could have been as high 
as 0.5 mol Fem ? yr}. 

The effect of the intensity of the ocean circulation is also 
shown in Table 2. When w is set equal to zero, the model 
becomes entirely diffusive and the Fe(11) concentration increases 
linearly with depth. It is observed that the order of magnitude 
Of donot is not greatly affected by such a variation of w. On the 
other hand, when w is increased to 4,000 m yr !, фрһо can 
become several hundred times higher. 

In the modern ocean, the vertical velocity of upwelling may 
be as large as several km уг”! in areas of strong upwelling”. 
Thus, the model with w = 4,000 m уг! may be used to describe 
a restricted basin in such an area. At a CO, pressure of 100 
PAL, the rate of photo-oxidation of FeOH* could have been 
as high as 20 mol Fe m ? yr“’, that is, 112 mg cm ? yr. This 
value may be compared with the iron deposition rate of 20 mg 
cm ? yr ! in the BIFs of the Hamersley Basin in Australia!^. 
Consequently, the possibility that extensive BIF deposits could 
form without oxygen through photo-oxidation of FeOH*-must 
be considered. j 

If the area of the Archaean ocean was the same as 
today, a mean photo-oxidation rate of 0.5 mol Fe m~? yr ! corre- 
sponds to a global flux of 1.8x 10!^ mol Fe yr !. Garrels and 
MacKenzie? report a value of 12.2 x 10^ g yr? (that is, 0.218 x 
1014 mol уг!) for the present-day input of iron to the ocean in 
the suspended sediments of rivers. On the Archaean Earth, 
however, the geochemical fluxes of ions into the ocean were 
probably governed by the interaction of sea water with the 
basaltic ocean crust'®. For the present ocean, these fluxes аге 
very poorly known, but according to Wolery and Sleep”, the 
total basaltic crust input of iron to the ocean would fall in the 
range 22-39 x 10’? g Fe yr^!; that is, 0.39-0.69 x 10’? mol Fe yr^!. 
This basaltic flux of iron was probably several times greater 
during the Archaean, as a result of a higher rate of volcanic 
activity. However, this flux was probably not much greater than 
the present flux of iron suspended in rivers. Thus, a conservative 
estimate is that the Archaean geochemical input of iron to the 
ocean was close to 0.2x10'* mol yr^!. If this assumption is 
correct, the calculated value of the global photo-oxidation rate 
of FeOH', Фрһо» Seems to be an order of magnitude too high. 
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This discrepancy may be explained by one or more of the 
following hypotheses: (1) The deep water was not saturated 
with respect to siderite. (2) The absorption of solar light by sea 
salts in the range 220-460 nm can limit the photo-oxidation rate 
more efficiently than the absorption by water itself. (3) The 
Fe(11) produced in the mixed layer reacted with reduced com- 
pounds dissolved in the ocean, thus decreasing the rate of BIF 
deposition. (4) The diffusion coefficient K and the advective 
velocity w were both lower than today. 

It would be interesting to refine the ocean model to study 
possibilities (2) and (3). However, such a task would not be 
easy in view of our poor knowledge of the Archaean ocean 
chemistry. 

In conclusion, the present model shows that FeOH* photo- 
oxidation was able to produce BIF deposits as extensive as have 
been found in the Hamersley Basin. From a global point of 
view, a total photo-oxidation rate of 1.8 х 10!^ mol Fe уг”! has 
been calculated. Since FeOH* photo-oxidation releases hydro- 
gen, such a flux may have had important consequences for the 
oxidation state of the Precambrian atmosphere. An important 
question concerns the rate at which Fe(111) would react with 
the hydrogen released or with any other reduced compound 
dissolved in the ocean. This point is difficult to analyse quantita- 
tively as neither the kinetics of the reaction nor the composition 
of Archaean sea water is well known. The model results might 
also depend slightly on the presence of small amounts of O.. 
This problem will be examined elsewhere. 
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While debate continues about the disposal of man-made radio- 
active wastes in the deep sea, one deep-sea rhizopod is storing 
naturally occurring radionuclides to high concentrations in its 
home centimetres below the floor of the Izu-Ogasawara Trench. 
The hadal infaunal xenophyophore Occultammina profunda fills 
its test, a network of sediment tubes, with spherical micro-packages 
of waste (stercomes) containing 450—520 d.p.m. per g dry wt of the 
natural radionuclide ?'"Pb. The stercomes are stored in flimsy 
membrane tubes immediately next to a thread-like protoplasmic 
body (granellare), which has equally high ?!?Pb levels. A model 
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Fig. 1 The vertical distribution of ?!?Pb (ref. 5) (a) and fragments 
of O. profunda? (b) in the box core of sediment from the Izu- 
Ogasawara Trench (sample depth 8,260 m). The former distribution 
is based on one subcore of 100 cm? cross-section while the latter 
is the average distribution of four such subcores (not including 
that for ?'? pb). Only fragments of O. profunda which contained 
granellare stained red by Rose Bengal were counted. Each fragment 
contains on average 2.4+ 2.3 wg dry wt of granellare (n = 42). 





Stercomare 





Fig.2 a, Internal organization of O. profunda. b, A fragment of 
O. profunda split open to reveal the granellare (g), stercomare (s) 
and tubular test (t). Scale bar, 500 jum. c, Scanning electron micro- 
graph of a stercomare showing aggregations of stercomes (pellets) 
enclosed within a tubular membrane. Scale bar, 170 wm. d, Scan- 
ning electron micrograph of stercomes. Scale bar, 8 pm. 


of stercome excretion suggests that O. profunda grows quickly 
and can produce transient subsurface peaks in the vertical distribu- 
tion of ^'^Pb in the sediment while causing little, if any, sediment 
mixing, a finding which could have profound consequences for the 
?^Pb-modelling of deep-sea bioturbation (mixing of sediments by 
organisms). From the barium content of the granellare (21,000 
parts per million, p.p.m.) and assuming that the ?5Ra/Ba ratio 
in the surrounding sediment and sea water is maintained in the 
organism, it is inferred that the protoplasmic 219Рр is supported 
by 320-350 d.p.m. per g dry wt of ?5Ra concentrated in intracel- 
lular barite crystals. Consequently, O. profunda and xeno- 
phyophores in general are probably subject to unusually high levels 
of natural radiation (several Sv yr ?), among the highest reported 
for any living organism. 

?'?Pb is derived from the decay of "Ra in sea water and the 
Earth's crust". With a half-life of 22 yr, "Pb decays to the 
short-lived -emitter 21981 and thence to the o-emitter 219Ро 
which has a half-life of 138 days. 219Ро is often concentrated 
by marine organisms and unsually high levels of ?'?Po have 
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recently been reported in certain mid-water oceanic shumn and 
fish, but ?'?Pb activities in organisms are typically much leer 
(a few d.p.m. per g dry wt at most)". However, very litte 1s 
known about natural radionuclide levels in deep-sea Denunce 
organisms, a situation that must be rectified if the ha.arcs of 
radioactive waste disposal are to be properly asse sed" 

The vertical distribution of ?^'?Pb in surficial deepewa dr 
ments has been analysed extensively in attempis to «sti; aate 
rates of bioturbation^"". The mixing model on whi h st ch esti- 
mates are based, however, assumes that *!°Pb enters the sediment 
at the sediment/water interface attached to sinking pa:ticvlate 
matter and remains attached to sedimentary particles througnout 
the mixing process. The possibility that a significant fraction of 
?Upb enters the sediment through the tissue: «d e exon 
products of benthic organisms living below the sec ment’ water 
interface has not been considered. We decided to е, amine ~ "РЬ 
levels in the infaunal xenophyophore О. profunda heciuss an 
unusual subsurface peak in the vertical distribution of ^!^Pb in 
the sediment, which could not be explained bv ‘he siandard 
mixing model’, coincided with a peak in the verica distribution 
of the xenophyophore at 2-3 cm depth*, and we ‘houghi the 
xenophyophore might be responsible for the ~" Ph peak: Etc. 1). 
Such ‘anomalous’ *'?Pb distributions can be quite commen in 
the deep sea?, and it is becoming increasingly ciear ‘hat the 
standard mixing model, which predicts an exponential decr :2se 
in “9Рь activity with depth in the sediment, is сайга” 

Xenophyophores are giant deep-sea rhizopad ргстоготпв that 
live on and in the sediment?? and are closely related to benthic 
foraminiferans. Deep-sea photography has re-ea!ed that zpi- 
faunal xenophyophores сап be very abundant '~ .-10 т ^! in 
certain environments’®, and the infaunal aenoph.srhore of the 
present study, collected from a box core from the [vu Ogesev ara 
Trench, was the most abundant macrofaunal organism in the 
соге?. 

The test of О. profunda consists of а horizonta: networ: of 
sediment tubes (500-1,000 рт diameter) that enclose a cer::el 
granellare string (40-130 шт diameter) ѕштоџпае by опе to 
three peripheral stercomare strings (125-160 um diumeter! 
(Fig.2a-c)*. Both the granellare and stercomare nave a ikin 
(«0.5 шп) organic membrane wall that in the former encloses 
the multinucleate plasma body and in the latter. stercomes. 
Stercomes are small black spherical pellets ~10 jm in diameter 
(Fig. 2d) which are thought to be waste and excretion products, 
although very little is known about their comnoesition?. Ая 
unusual feature of xenophyophores is that the: contain high 
concentrations of barium (— 10^ p.p.m.) in the form of iatracel- 
lular barite crystals called granellae, which are зелеуесі to ve 
secreted by the organism?'''. In O. profunda the g-aneilae are | 
less than 0.5 рт in size (O. S. Tendal, personal communication). 

A total of about 160 fragments of O. profunda we-e senarated 
from two subcores of sediment (each 100cm? u horizonte! 
cross-section) which had been stored in a freezer! 0 ) sce 
collection in March 1980. The top 10 cm of each -ubcore was 
sliced horizontally at 1-cm intervals and the sediment asned 
through a 0.5-mm sieve that retained fragments of the organ‘sm. 
After air-drying on filter paper, the fragments were divided into 
test, granellare and stercomare, each subcore vielding -4€ mg 
dry weight of test, 5 mg of stercomare and 0.2 mg с” graueliore. 
In addition, comparable amounts of test, stercomare and gravel- 
lare were obtained from alcohol-preserved ѕпесітлел- of O. 
profunda. Pooled samples of each part of the orgar-sm ond the 
sediment at each 1-cm interval were analysed seraratclv for 
210рь by the 29Ро technique’? (Table 1). "'^Pb acr-vitics v.cre 
corrected to those at the time of sampling (4-5 vr earlier!, 
assuming that the ^'Pb (half-life 22 уг) was u^suppor'ed. 
Aliquots (10 cm?) of the acid-dissolved samples 45) em ) used 
for “ОРЫ analysis were analysed for barium by inducti-elv 
coupled plasma emission spectrophotometry". 

The *°Pb content of the sediment peaked at i-.' cm de^th. 
coincident with a peak in the vertical distribution of O. profunda. 


' 356 








Table 1 Measured *!°Po activities and barium contents of various parts 
of O. profunda and the surrounding sediment, and their estimated 2!°Pb 
and 22%Ва activities 





210pg зорь Ва 226 а 
Sample (d.p.m. g !)* (d.p.m.g') (рр) (d.p.m.g"!) 
Granellare 4502-1001 510x110 21,000 320-350|| 
(0-6 cm) 380+ 60t 450 70 
Stercomare 440 + 505 490+ 50 870 13-14]] 
(0-6 cm) 420+ 40T 480+ 50 
1-2 ст 440+ 505 520--60 
2-3 cm 430+ 40% 510+50 
Test 42+5 47-6 356 5-6] 
(0-6 ст) 5223 6244 
Sediment 9-57 10-65 329-359 5.24 
(0-6 cm) 





Samples were digested in acid and 7!°Po was spontaneously deposited 


on one or two silver disks (1 cm diameter) the o-activities of which . 


were then counted for 1-5 days. A 208Ро tracer was added to the sample 
for the determination of chemical yield, which ranged between 10 and 
85%. Because the ?!?Po analysis was performed 4-5 yr after sample 
collection, it can be assumed that 7!°Po, which has а half-life of 138 
days, was in secular equilibrium with its grandparent ?!?Pb at the time 
of analysis (that is, the activities of the two radionuclides were the same) 
and this was confirmed by replating some of the samples after 9-12 
months. Errors are based on 1c counting statistics and include, where 
significant, errors due to blank correction. Counts for chemical blanks 
were at most one or two counts per day above background, which at 
counting efficiencies of 24-33% ranged from 0.3 to 7 counts per day 
depending on the detector used (eight detectors in all). 2'%Ро counts for 
the granellare samples, although low due to low sample weight, were 
more than five times those for the blanks (including background), 
yielding 219Ро estimates with a 15-20% error as opposed to ~10% error 
for the other parts of the organism. 

*1dp.m.g 1167 Ва е. 

t Measured 26 March 1984 (frozen samples, collected 3 March 1980). 

t Measured 27 September 1985 (alcohol-preserved samples, collected 
3 March 1980). 

§ Measured 15 December 1983 (frozen samples, collected 3 March 
1980). 

| Estimated from Ba content assuming a ?'Ra/Ba ratio of 4.2- 
4.6 nmol per mol. 

Estimated from constant 7!°Pb activity below 7 cm depth (Fig. 1). 


but the ?'?Pb peak was much weaker and 1 cm shallower than 
in Fig. 1 (Fig. За, b). The ?'?Pb activity of the xenophyophore's 
test, which is composed of particles selected from the surround- 
ing sediment, was comparable to, or slightly higher than, the 
activity of sediment at the same depth (Fig. 3a), whereas the 
activity of the granellare and stercomare was an order of magni- 
tude higher, at 450-520 d.p.m. per g dry wt (Table 1). In the 
1-2- and 2-3-cm layers, where O. profunda was most abundant, 
stercomare showed no significant difference in ?!?Pb content 
between layers, with values of 520 and 510 d.p.m. per g dry wt, 
respectively. Comparably high levels of unsupported ?!PPo have 
recently beeri reported in the hepatopancreas of mid-water 
penaeid shrimp, but the highest levels of 7!°Pb previously 
reported in any organism, which were for benthic amphipods 
from the Central Pacific, are two orders of magnitude lower 
than our findings^. Preliminary ?'?Pb analysis of two epifaunal 
species of xenophyophore (an unidentified species from a depth 
of 5,270 m on the Pacific margin of the Japan Trench and 
Psammina nummulina collected from 3,570 m between the Cocos 
Ridge and East Guatemala Basin) has yielded comparably high 
levels of ??Po in their granellare and stercomare, but 7!°Pb 
support has yet to be confirmed (our unpublished data). 
There are two possible origins for the "'?Pb іп O. profunda. 
One possibility is that the xenophyophore accumulates the 
radionuclide at the sediment/water interface by feeding on 
settling particulate matter containing several hundred d.p.m. per 
g dry wt of ?'9Pb (refs 14, 15; for a possible feeding mechanism 
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in infaunal xenophyophores see ref. 16). Another quite different 
possible source is 5Ra within the intracellular granellae. It is 
well known that the chemistry of barium is very similar to that 
of radium, its chemical congener in the Periodic Table, and the 

Ra/Ba ratio in oceanic sea water maintains a nearly constant 
value of 4.6 nmol of ?5Ra per mol Ba (ref. 17), very similar to 
the value estimated for the box-core sediment of the present 
study (we estimate the ratio to be 4.2 nmol ?*5Ra per mol Ba by 
assuming that the almost constant 7!°Pb activity of about 
5.2 d.p.m. per g dry wt below 7-cm depth (Fig. 1) equals the 
??6Ra activity and by using an average of 335 p.p.m. for the 
barium content of the sediment (Table 1)). Assuming that the 
ratio in the surrounding sediment and sea water is maintained 
in O. profunda, as in diatoms", the granellare, which contain 
about 21,000 p.p.m. of barium (Table 1), are estimated to contain 
320-350 d.p.m. per g dry wt of ?5Ra (using values of 4.2 and 
4.6 nmol ?5Ra per mol Ba, respectively). If this estimate is of 
the right order of magnitude, then estimated 7!°Pb contents for 
granellare in Table 1 will require a downward adjustment of 
~10% (assuming no radon loss) because in the calculation of 
the values in Table 1 it was assumed that 7!°Pb was unsupported. 

The percentage of ?'?Pb in the granellare which is derived 
from "Ra in the granellae will depend on the age of the 
granellae. If, as we suggest below, xenophyophores are short- 
lived organisms, and if ргапеПае are secreted intracellularly, 
then the contribution of ?^'^Pb from granellae will be small, 
because it requires several half-lives (7100 уг) for 7!°Pb to 
achieve secular equilibrium with "Ra, In the case of the 
stercomare and test, the barium content is much lower, 870 and 
356 p.p.m., respectively, corresponding to estimated ?Ra 
contents of 13-14 and 5-6 d.p.m. per g dry wt, respectively 
(Table 1), and thus their ?!?Pb is largely unsupported by 2%Ва. 

Our "Po data and the 22Ва levels estimated from the barium 
content suggest that the plasma body of O. profunda is subject 
to an unusually high dose of natural radiation. Considering only 
а-тайіайоп and assuming that it has an effective quality factor 
of 20 (ref. 19), the dose from 7!°Pb-supported 7!°Po alone is 
about 0.8 Sv уг”! (using a measured wet/dry ratio of 5.0+0.5 
and a ?!?po (?!?pb) content of 450 d.p.m. per g dry wt), whereas 
if the granellare contain 320 d.p.m. per g dry wt of ?%Ка (the 
lower estimate given above) the radiation dose increases to about 
3.0 Sv уг”! (assuming no radon loss and assuming the short-lived 
a-emitting descendants of radon, namely ?*Po and ?'^Po, con- 
tribute to the dose). The latter dose is comparable to that in the 
hepatopancreas of mid-water penaeid shrimp (3.9 Sv уг 3), 
which is the highest natural radiation dose so far reported for 
any living organism?. The dose from ?"fRa for O. profunda, 
however, should be regarded only as an order of magnitude 
estimate in the absence of measured "Ra levels. 

In most xenophyophores, the granellae are much larger (2- 
5 шт) than in O. profunda («0.5 рт) and in some species 
granellae can be so abundant as to obscure the nuclei of the 
plasma body’. If the ?5Ra/Ba ratio of oceanic sea water is’ 
maintained in these crystals, they will contain about 10^ d.p.m. 
g dry wt of ?5Ra and the adjacent nuclei of the plasma body 
will be subject to radiation doses even higher than those esti- 
mated above for O. profunda. 

Although marine organisms are probably less sensitive to 
radiation than is man”, the possibility that these high radiation 
doses have affected xenophyophores over the long term should 
be considered. For example, has exposure to high levels of 
radiation resulted in a high incidence of radiation-induced müta- 
tion and/or development of radiation resistance? Studies of the 
molecular biology of these organisms might answer some of 
these questions. Turning to the geological record, it has been 
suggested that the trace fossil Paleodictyon, which occurs as far 
back as the Ordovician, is a fossilized form of infaunal xeno- 
phyophore!$. If this is so, study of Paleodictyon could throw 
light on the evolution of xenophyophores over the past 500 Myr 
and might provide further insight into the above matters. 
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Fig.3 a, Activity of excess ?!°Pb in a 
the sediment (ГІ, Ш) and test (о) of 
O. profunda as a function of sediment 0 0 40 


depth. Subcores В (ll) and E (0) 
were separated laterally by 10 cm. All 
the test samples come from subcore 
E and covered a 1-cm vertical inter- 
val except for that from 3 to 6 cm, 
which came from a separate subcore 
not analysed for 7!°Pb. Horizontal- 
bars indicate errors in test values. 
Excess ?' Pb was calculated by 


Depth (cm) 


Excess ??Pb (d.p.m. g”) 
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assuming a constant 22а content of 5.2 d.p.m. per g in the sediment and test (estimated from constant ?!?Pb activity below 7 cm depth in 
Fig. 1 and barium content of test in Table 1). b, Average vertical distribution of O. profunda stercomare (in weight per cent of total stercomare 
yield) in the two subcores in a. c, A model of the effects of stercome excretion on the vertical distribution of 7!°Pb. The sediment is divided 
into 1-cm-thick horizontal layers with a horizontal cross-sectional area of 100 cm? (as in our subcores) and the activity of excess !!?pp is 
initially assumed to decrease exponentially with depth, as is often the case in deep-sea sediments. The inventory of excess ?!?Pb is maintained 
at 60 d.p.m. cm ? (as in our subcores) by a constant flux of 2!°Pb to the sediment/water interface. For simplicity, porosity is assumed to be 
constant with depth (the average value of 86.595 for 0-7 cm is used) and sedimentation is considered to be negligible during the short time 


intervals considered. The concentration of excess ?!?Pb in stercomare 
assumed to be derived from feeding at the sediment/water interface (al 


is taken to be constant at 500 d.p.m. в! and the stercomare 219рр is 
1 the ?!°Pb in stercomare comes from the 0-1-cm layer). In the model, 


a given amount of stercomare (5, 10 or 20 mg per 100 cm? for cases 1, 2 and 3, respectively) is instantaneously formed each month while an 
equivalent amount decays and releases its 219Рр to the immediately surrounding sediment. After stercomare decay, it is assumed that the 
stercomare-derived ?!?Pb is not immediately redispersed by bioturbation, an assumption which probably holds for periods of time comparable 
to the half-life of ?!?pp (2 yr) (ref. 6). If the rate of stercomare formation is ғ, then (һе total inventory of stercomare-derived ?!?Pb after time 


t will be given by: І, = 


o are dt = ar(1/A —1/A e^"), where А is the decay constant of 29рр and a is the activity of ?!?Pb in stercomare. 


The inventory is subtracted from the 0-1-cm layer and portions are allotted to the layers of the model according to the depth distribution of 
stercomare on the left. The effects of the three rates of stercomare formation in cases 1, 2 and 3 are considered. The effects of these rates after 
various intervals of time are shown by the dashed and solid curves (@, Exponential curve; A, case 1, 250 yr; case 2, 22 yr; case 3, 9 yr; A, 
case 2, 250 yr; case 3, 22 yr). For example, the dashed curve can be produced by a rate of 10 mg per 100 cm? per month (case 2) acting for 
22 yr or by a rate of 20 mg per 100 cm? per month (case 3) acting for 9 yr, while the solid curve can be produced by the latter rate acting for 
22 yr. Note the similarity of the dashed curve to the curves in a and the resemblance of the solid curve to the ?!?Pb profile in Fig. 1. 


Of more immediate interest, however, is the possible effect 
of O. profunda оп ?'?Pb distribution in the sediment through 
the excretion of stercomes rich in unsupported 29рр, While it 
is generally believed that deep-sea organisms grow slowly and 
live long, there is circumstantial evidence that xenophyophores 
may grow rapidly. Epifaunal xenophyophores have been 
observed on freshly formed biogenic mounds (L. A. Levin, 
personal communication) which elsewhere in the deep sea have 
been seen to form within a few months (C. R. Smith, personal 
communication). As xenophyophores are almost certainly 
immobile, this suggests they may grow on a timescale of months 
rather than years. If so, a dense patch of O. profunda can have 
a very significant localized effect on the vertical distribution of 
?'?pb, as the model in Fig. 3c shows. In this model, we consider 
only stercome excretion—the contribution of ?!?Pb from granel- 
lare, the weight of which is only 3-4% that of stercomare, is 
neglected—and it is assumed that all unsupported 2!°Pb in 
Stercomare is derived from feeding on particulate matter settling 
at the sediment/ water interface. The particulate matter flux will 
thus mark an upper limit for the rate of stercomare production. 
We estimate the former to be ~50-60 mg per 100 cm per month 
based on a ?'?Pb flux of 1.9-2.4 d.p.m. per cm? per yr (ref. 5 and 
the present study) and an average ?'"Pb content for particulate 
matter of 330 d.p.m. per g (refs 14, 15). Atthe maximum observed 
density of 420 O. profunda fragments per 100 cm?, the density 
of stercomare is estimated to be ~30 mg per 100 cm", and if 
this is replaced at a rate between once a month and once a year, 
local stercomare production will lie between 2.5 and 30 mg per 
100 cm? per month, well within the above estimated flux of 
particulate matter. 

When stercomare production exceeds —5 mg per 100 cm? per 
month, the vertical distribution of ?'?Pb begins to deviate sig- 
nificantly from the exponential curve expected in the standard 
diffusion mixing model’ (compare with Fig.3c). At a rate of 
10 mg per 100 cm? per month, a small subsurface peak compar- 
able to that observed in our subcores is formed within 22 yr at 
the depth of the peak in stercomare distribution (Fig. 3a-c); at 
a rate of 20 mg per 100 cm? per month the same peak is formed 


in only 9 yr, after 22 yr it becomes pronounced (compare with 
Fig. 1) and after 40 yr the 0- 1-cm layer is completely lacking in 
хор, Thus, a combination of patchy O. profunda distribution 
and rapid stercomare formation could account for both the 
occurrence of a subsurface ?'?Pb peak and the marked subcore 
variation in the vertical distribution of 7!°Pb. Looked at another 
way, our model and the observed distributions of ?'?Pb and О. 
profunda suggest that this xenophyophore grows and excretes 
rapidly. 

The model in Fig. 3c represents a major departure from the 
usual interpretation of ?'?Pb distribution in deep-sea sediments, 
as it involves highly selective redistribution of ?'?Pb-rich material 
in a non-steady-state fashion with little or no sediment mixing 
(our observations of stercomes suggest they contain few if any 
refractory sedimentary minerals). Apart from xenophyophores, 
many ‘primitive’ monothalamous deep-sea foraminiferans (for . 
example, allogromiids, Rhizammina, komokiaceans) accumu- 
late stercomes, and other benthic rhizopod protozoans produc- 
ing masses of stercomes are extremely abundant in oligotrophic 
regions of the deep ѕеа?!, Our model therefore probably applies 
to wide areas of the ocean floor, and ?!?Pb distributions in 
deep-sea sediments may require substantial reinterpretation. 
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When two spatially separated light spots are flashed in rapid 
succession, the spot will appear to move between the two locations— 
an illusion called apparent motion'". We have presented this 
display to callosum-sectioned human patients and found that they 
could correctly report the temporal order of a simple apparent 
motion sequence presented across the vertical meridian. Hence, 
the forebrain commissures are not required for this function. 
We investigated motion perception by commissurotomy 
patients whose corpus callosum, anterior commissure, hippo- 
campal commissure and massa intermedia (when encountered) 
had been sectioned surgically for the treatment of intractable 
epilepsy^^. An intact corpus callosum is presumed to be involved 
in various types of visual integration across the vertical 
meridian?$. For example, we tested three callosum-sectioned 
patients (L.B., A.A. and N.G.) and found that they experienced 
difficulty in matching the orientations of two lines flashed simul- 
taneously on either side of the vertical meridian for 150 ms 
(ref. 7). When asked to indicate whether the orientations were 
the same or different, they performed very poorly; even 
orthogonal lines were sometimes reported to be parallel. Further, 
callosum-sectioned patients cannot perceive ‘midline- 
stereopsis'? because they lack the commissural fibres??? required 
to match disparate binocular stimuli across the vertical meridian. 
We therefore wondered whether these individuals could perceive 
apparent motion of a single light spot jumping across the midline 
from one hemi-field to the other. The spot subtended 20 arc min 
and its two successive locations were 9? apart (that is, 4.5? from 
the midline), so that we were stimulating the long-range rather 
than short-range motion" system. The spot was generated on а 
Panasonic monitor using an Apple 2c microcomputer. Stimulus 
duration and inter-stimulus interval (ISI) were held constant at 
130 ms and 30 ms, respectively. Trials were generated randomly 
by the computer so that the spot jumped from either left to right 
(L-R) or right to left (R-L), or the two spots appeared simul- 
taneously. One experimenter sat behind the cathode ray tube 
(CRT) screen and carefully watched the subject's eyes, and any 
trial on which the eyes moved was discarded. Each trial began 
a short interval after a warning tone. The interval between the 
tone and the appearance of the first spot was varied randomly. 
The subject's task was to fixate a central X and to indicate either 
the presence of simultaneity or the direction of perceived 
apparent movement by pointing to a card which pictorially 
depicted the three possibilities (Fig. 1). To ensure that the 
instructions were clearly understood, we began with 10 'training' 
trials presented entirely within the appropriate hemi-field alone 


NATURE VOL. 320 27 MARCH 1986 








Fig. 1 The illustration shown to the subjects to enable them to 

point to the perceived direction of movement. The card was always 

presented in the hemi-field corresponding to the hand that was 
being used. 


ev 
e- 
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Fig. 2 Fluctuation in perception similar to that seen іп Necker 
cubes can also be observed in an ambiguous apparent motion 
display (a). The direction of perceived oscillation in this bi-stable 
display can be influenced by the will only at slow speeds of 
alternation. Dots in diagonally opposite corners are flashed simul- 
taneously and then switched off and replaced by dots appearing 
on the remaining two corners. (The numerals indicate order of 
presentation.) The frames are alternated in a continuous cycle. The 
two possible percepts (b and c) are also depicted. 


(for example, left hemi-field for the left hand). When the actual 
experimental session began, the subject used one hand alone to 
indicate the perceived direction for each of 30 trials presented 
across the vertical meridian in random order. (The card with 
illustrations was always presented in the hemi-field correspond- 
ing to the hand that was being used.) After this, the subject 
switched hands and was confronted with a new random sequence 
of 30 trials. Three subjects (n = 3) were used in these experiments 
and in two of them (L.B. and N.G.) we had NMR confirmation 
of commissurotomy!^ (J. Bogen, personal communication). 

The results were clear-cut. L.B. could clearly discriminate 
L-R from R-L and either of these from simultaneous stimuli. 
(He was 10096 accurate on all 60 trials, 30 with each hand.) 
N.G. had no difficulty in discriminating L-R from R-L, but she 
displayed considerable uncertainty with the simultaneous condi- 
tion. (She was correct on 37 out of the 40 L-R/R-L trials and 
incorrect on all 20 trials on which the dots appeared simul- 
taneously.) The third subject (A.A.) was accurate on 43 out of 
60 trials and had no special difficulty with simultaneous stimuli 
(in fact, he got 18 correct out of 20). For all three subjects 
P«0.01 (two-tailed binomial test). The result with L.B. is 
especially interesting because previous studies? have shown him 
to lack midline stereopsis. 

We were especially concerned about eye movements in this 
experiment, as the subject could have resorted to the strategy 
of using eccentric fixation to confine both spots to one hemi-field. 
To minimize this possibility, we instructed the subject to care- 
fully fixate the central X, and had one experimenter constantly 
watching the eyes from across the table. As a further precaution, 
we ran another series of trials with the spots separated by 14? 
of visual angle instead of 9°. Again, L.B. was accurate on 100% 
of 30 trials, N.G. was correct on all 20 trials requiring R-L/L-R 
discrimination and incorrect on all 10 trials on which the spots 
were simultaneous, and A.A. was correct on 24 trials out of 30 
(Р <0.01; two-tailed binomial test). In this experiment, the 
subjects would have had to deviate their fixation by at least 7° 
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to bring both spots within one hemi-field and this seems highly 
unlikely. 

Thus, the forebrain commissures are not required for correctly 
discriminating the temporal order of stimuli appearing across 
the midline in rapid succession. However, were the patients 
actually seeing movement or were they simply making discrimi- 
nations based on temporal order per se? We questioned them 
on this point, taking care not to prompt them, and all three 
replied unhesitatingly that they had seen the dot ‘move’ or ‘jump’ 
rather than merely change location. To confirm this further, we 
increased the ISI gradually until the subjects (L.B. and А.А.; 
N:G. was not tested) reported a transition from seeing movement 
to seeing simple temporal succession. (The duration of each 
spot was 50 ms and the separation between them 8°.) For A.A. 
the transition occurred at 456 ms (mean of 8 readings, 4 ascend- 
ing and 4 descending; s.d. — 46) and for L.B. it occurred at 329 ms 
(s.d.=28) for vertical apparent motion along the vertical 
meridian. For horizontal motion across the vertical meridian, 
these values were 372 ms (s.d. = 71.5) and 346 ms (s.d. — 49), 
respectively. Thus, the transition from motion to temporal suc- 
cession seems to occur at about the same ISI for both vertical 
and horizontal sequence, suggesting that the patients were 
indeed seeing movement across the midline when the ISI was 
appropriate. Interestingly, for the horizontal sequence, when 
the ISI was too long, they often reported seeing only a single 
spot flashing on and off and their ability to discriminate temporal 
order actually deteriorated even though they had more time 
available. It was amost as though one could switch from a single 
conscious individual to two individuals by simply increasing 
the ISI! (This provides another suggestive argument against the 
involvement of eye movements.) Further experiments are in 
progress to determine whether Korte's laws'* of apparent motion 
would also apply to the ‘second’ visual system. 

We conclude that apparent motion can be seen readily across 
the midline in spite of total transection of the forebrain commis- 
sures; this implies that the effect might be mediated largely by 
the so-called second visual system'*'°, which bypasses the 
lateral geniculate nucleus and relays through the superior col- 
liculus and pulvinar. This phylogenetically older system may be 
adequate for mediating motion perception but not for stereop- 
51520722 and ‘form’ perception. But what about more complex 
effects in motion perception, such as the perception of the 
ambiguous display depicted in Fig. 2? Does the bi-stability of 
ambiguous apparent motion displays depend on the cortex and 
on an intact corpus callosum? 

A display similar to Fig. 2a subtending 5° was produced on 
the CRT and presented completely within one hemi-field alone. 
Two spots were flashed on opposite corners of a square (frame 
1) and then replaced by two spots appearing on the two remain- 
ing cornérs?. The display is perceptually reversible (like a 
Necker cube)? and bi-stable in that there are two mutually 
exclusive percepts, vertical motion and horizontal motion. The 
two possible percepts (Fig. 2b and c) were explained to each 
subject (each hemisphere?) and the subject was ‘trained’ to use 
the corresponding hand to indicate the direction of perceived 
movement by simply pointing to an illustration on a card depict- 
ing the appropriate direction of movement. Informal testing 
suggested that each hemisphere could see these alternative per- 
cepts quite clearly. 

When normal subjects fixate the centre of such a display, 
there is a slightly greater tendency to see уегіса12526 rather than 
horizontal oscillation, although either percept can be seen volun- 
tarily. As this tendency is usually attributed to delays across the 
midline imposed by the corpus callosum?*?°, we wondered 
whether commissurotomy patients would always see exclusively 
vertical oscillation and we tested this conjecture in L.B., N.G. 
and A.A. To our surprise, we found that when they fixated a 
small spot in the centre of the display, they could in fact very 
easily see either organization at will. A perceptual switch could 
also be encouraged by momentarily occluding portions of the 
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display; for example, they could switch from vertical to horizon- 
tal oscillation by temporarily occluding the lower half of the 
display and then removing the occluder. 

Next, we measured the tendency to see vertical compared 
with horizontal motion by changing the breadth/height ratio of 
the ambiguous figure while the subjects fixated an ‘X’ in the 
centre of the display. The height of the figure was varied ran- 
domly from trial to trial and on each trial the subject's task was 
simply to indicate whether he(she) saw vertical or horizontal 
motion (inter-trial interval = 10 s; stimulus onset asynchrony = 
150 ms; ISI = 0; the breadth was held constant at 5? and a total 
of 10 different height/breadth ratios were used, ranging from 
0.53 to 2.15). For the normal 'control' subjects, vertical and 
horizontal motion were equally probable when the 
height/breadth ratio was 1.37 (mean of 40 readings; 20 readings 
for each subject). For the three commissurotomy patients, the 
ratios were 1.39, 1.5 and 1.51 for L.B., N.G. and A.A., respec- 
tively (mean of 20 readings for each subject; in N.G. we discar- 
ded 3 trials on which there were accidental eye movements). 
These results suggest that commissurotomy patients can see 
horizontal oscillations across the vertical meridian almost as 
easily as could normal subjects. Note that when they were seeing 
horizontal motion across the vertical meridian, the vertical 
motion signal must be either inhibited or vetoed at some level. 
The curious implication is that this inhibition can occur across 
the midline in the absence of forebrain commissures. 

Further experiments are in progress to determine whether 
apparent motion of more abstract stimuli, such as cyclopean 
targets", ‘subjective contours7*7? and coloured spots at 
isoluminance”, can also be mediated by the second visual system 
in these patients. (Such stimuli are normally thought to require 
cortical processing.): Also, one wonders whether each hemi- 
sphere can independently ‘will’ a perceptual reversal without 
involving the other hemisphere, a question that might interest 
theologians. 
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The human visual system is capable of making spatial discrimina- 
tions with extraordinary accuracy. In normal foveal vision, relative 
position, width or size can be judged with an accuracy much finer 
than the size or spacing of even the smallest foveal cones. This 
remarkable accuracy of spatial vision has been termed ‘hyper- 
acuity’’. Almost a century ago Ewald Hering proposed that the 
accuracy of Vernier acuity could be accounted for by averaging 
of discrete samples along the length of the lines comprising the 
targets”; however, the discovery that Vernier acuity of a few arc 
seconds could be achieved with dots has rendered the nature and 
role of sampling in spatial discrimination unclear’. We have been 
investigating the sampling of spatial information in central and 
peripheral vision (the perifovea) of normal human observers and 
in observers with strabismic amblyopia. Our results, presented 
here, show that peripheral vision and central vision of strabismic 
amblyopes differ qualitatively in their sampling characteristics 
from those of the normal fovea. Both the periphery and the central 
visual field of strabismic amblyopes demonstrate marked posi- 
tional uncertainty which can be reduced by averaging of spatial 
information from discrete samples. 

In the first experiment highly practised observers judged 
whether a test line presented briefly bisected the interval between 
two continuously viewed reference lines. The lines were com- 
posed of discrete samples (dots), each approximately 1 arc min 
and separated by inter-sample spaces of variable extent. ‘We 
varied both the number of dots comprising each line and the 
inter-space size. The inset in Fig.1 shows an example of a 
stimulus in which each line comprised five samples. The vertical 
separation of the lines was chosen to be optimal for each 
observer based on preliminary testing (see Table 1, column 2). 
A signal detection methodology was used to obtain thresholds 
for this spatial discrimination*. Figure 1a shows for two normal 
observers that foveal thresholds improved only slightly as the 
number of samples increased from 1 to 5. Additional samples 
beyond 5 had no further effect on thresholds and with even a 
single sample, thresholds were smaller than the inter-cone 
spacing (~30 arcs in the fovea). 

Figure 1b shows results at 2.5° in the lower visual field; the 
data differ both quantitatively and qualitatively from those of 
the fovea. First, the threshold for a single sample is higher by 
more than a factor of 10. The threshold for a single sample (in 
the absence of spatial averaging) may provide an estimate of 
the intrinsic positional uncertainty of the visual system. What 
is of special interest here is that the threshold for a single sample 
is much larger than the inter-cone spacing at 2.5? (~70 arc s), 
suggesting that it is the cortical sampling grain rather than the 
cone mosaic which limits position discrimination in the 
periphery. Second, in the periphery, adding samples has a strong 
effect on bisection thresholds. For an ‘ideal detector’ that is 
limited by the spatial sampling grain, the positional uncertainty 
would be reduced in proportion to the square root of the number 
of independent samples; for the log-log axes of Fig. 1 this would 
mean a slope of —0.5. A flatter slope (like that of the fovea) 
would indicate that sparseness of sampling was not the ‘factor 
limiting spatial discrimination. A higher slope would indicate 
an effect on the visibility of the targets by luminance summation. 
Table 1 gives the parameters for the fits to all the data in Fig. 
1 (broken lines). While the results for the fovea are not compat- 
ible with a slope of —0.5, those for the periphery are consistent 
with a decrease in threshold proportional to Vn (n is the number 
of discrete samples) up to n=10. Beyond this, adding more 
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Fig. 1 Тор, a schematic diagram of the 3-line bisection stimulus, 
with each line composed of five samples (that is, dots ~1 arc min) 
each separated by 2 arc min. The observer's task was to judge the 
vertical position of the briefly flashed test line (middle line) relative 
to the bisection point. The vertical separation between the reference 
lines and bisection point was optimized for each panel and is given 
in Table 1. Bisection thresholds equivalent to the signal detection 
parameter, 4'= 0.675 (75% correct), are based on 250-600 trials 
per point, and are plotted as a function of the number of samples 
for normal foveal vision (a), peripheral vision (b) and the central 
field of strabismic amblyopes (c). The numbers in each graph 
represent the sizes of the inter-space intervals in arc min. Each 
graph has been fitted with two lines. Thresholds decrease as the 
number of samples increases to ~5 for foveal vision and 10 for 
peripheral and amblyopic vision. A slope of —0.5 (that is, thresh- 
olds proportional to the square root of the number of samples) 
provides a reasonable fit for the data of the periphery and of the 
strabismic amblyopes. A shallower slope, —0.3, provides a good 
fit to the foveal results (see Table 1). 
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Table 1 Parameters for the fits to the data in Fig. 1 
Verical Threshold for a 
separation Snellen single sample Asymptotic no. 

Condition (min) Observer acuity (arc s) (уо) of samples (x4) Slope (r) 
Normal fovea 3 D.L. 6/4.5 16.40.80 7.8x1.7 —0.29 + 0.04* 
3 D.K. 6/5 17.4+0.65 5.4+1.3 —0.30 + 0.04* 

Periphery (2.5?) 124 D.L. 6/21 191.6: 11.3 11.1+2.0 —0.48 + 0.04 

f 12 D.K. 6/22 233.5 + 10.6 9.5+0.9 —0.43 +0.04 

Strabismic amblyopiat 10 J.V. 6/24 219.8425 5.3+0.9 —0.66 x 0.11 

5 T.D. 6/8 97.7 10.5 7.0+1.4 —0.52 x: 0.08 

6.7 R.L. 6/12 110.8: 8.1 10.0+2.6 —0.58 + 0.09 

12 Т.О. 6/10 104.7 +8.3 11.6+2.6 —0.43 + 0.06 

5 КІ. 6/12 114.8 + 17.5 16.2+7.8 —0.50 + 0.07 

'10 WS. 6/13.5. 117.549.1 72317 —0.42 + 0.07 





: Values were obtained by nonlinear regression of the form log y -log Уо+ г log x for x « x, and y=log yo r log x, for x z x4 where y is the 
threshold in arc s and x is the number of samples. The SAS statistical package was used. Fitting all the data with a second model, where x is the 
length of samples plus inter-spaces, gave a significantly worse x? value: 226 as opposed to 172 (p « 0.025, F test with 127 d.f.). Errors represent 1 
standard error. All observers were carefully refracted and wore appropriate spectacle corrections if necessary. Extensive practice was given before 
the actual data collection. D.L. is an author. Snellen acuity (75% correct) was derived from crowded Davidson-Eskridge charts (6/6 corresponds 
to a 60-агс s feature). * Not consistent with a slope of —0.5 at the 0.000001 level, whereas all the other data are consistent with a slope of —0.5 at 
the 0.05 confidence level. t Each of these observers has a constant unilateral strabismus of early onset and reduced acuity in an otherwise healthy 


eye. 


samples has no additional effect on thresholds. The effect of 
adding samples is not simply explained by luminance summa- 
tion, as making a single sample seven times brighter i in a control 
experiment did not improve the bisection threshold. 

The spatial vision of strabismic amblyopes has previously 
been compared to that of the normal periphery". The data 
shown in Fig. 1c for the amblyopic eyes of six strabismic ambly- 
opes bear a remarkable similarity to the results for the normal 
periphery (Fig. 15). For each of the strabismic amblyopes, as 
in the normal periphery, position uncertainty is high with only 
one.sample, and thresholds improve in proportion to the square 
root of the number of discrete samples. Table 1 also shows 
Snellen ácuity for each observer. For the amblyopic eyes and 
the periphery, the threshold for one sample is approximately 
equal to Snellen acuity. In foveal vision, on the other hand, the 
threshold for one sample is about three times better than Snellen 
acuity (that i is, a hyperacuity). Interestirigly, the non- -amblyopic 
eyes of strabismic amblyopes were similar to those of the normal 
observers. For example, J.V., a highly experienced observer who 
had the most severe amblyopia, showed a threshold with one 
sample of 19.0+0.9 arc s and а slope of —0.24+0.1 with his 
preferred eye. 

A second experiment was performed i in order to verify our 
sampling hypothesis and to determine whether information is 


Fig. 2 Inset, a schematic diagram of the stimuli for spatial interval 
discrimination. In an experimental run, the stimulus (two boxes) was 
presented briefly with one of five closely spaced separations, centred at 
12.4 arcmin, and the observer judged whether the spatial interval 
between the two boxes (SEP in inset). was larger or smaller thari the 
implicit standard. Stimulus feedback was given after each trial. Each 
box actually comprised four tiny bright dots on a dark background. 
When tlie dots were closely spaced (10 arc s) and therefore unresolved, 
there was only one sample per box (stimulus 1). When the dots were 
separated by 1.2 arc min (foved) or 2.4 arc min (periphery and strabismic 
amblyope) they were seen as four discrete samples (stimulus 4). Separat- 
ing the dots either only horizontally (2H) or only vertically QV) resulted 
in two discrete samples. Threshold, equivalent to d' — 0.675, is specified 
as a fraction of the base separation (12.4 arc min) for unresolved 
(stimulus 1) and resolved (4) dots for the fovea of two normal observers 
(a), a strabismic amblyope (5) and peripheral vision of two observers 
at 2.59 (с). Each threshold is the mean of four counterbalanced runs 
(125 trials per run). To test which samples were effective in lowering 
the threshold, the dots were separated either horizontally or vertically. 
The results show that two samples separated horizontally (2H) were 
not significantly better than a single sample, whereas two samples 
separated vertically (2V) were V2 better than a single sample in lowering 
the separation discrimination threshold. 


sampled only along the length of the lines of the target (that is, 
orthogonal to the discrimination cue) as originally suggested by 
Hering. Here, the observers' task was to judge whether the 
separation between two small boxes was larger or smaller than 
the standard (12.4 arc min) separation®. Each box was actually 
composed of four tiny dots, illustrated schematically in the inset 
in Fig. 2 (stimuli 1 and 4). In this experiment, we manipulated 
the distances between the four dots comprising each of the two 
boxes. When they were close together (10 arcs) and thus un- 
resolved, they represented a single (bright) sample. When the 
dots were all separated so that they could be resolved (1.2 arc 
min for the normal fovea; 2.4 arc min for peripheral and ambly- 
opic vision) they provided four discrete samples. By this device 
the total luminance of each box stimulus was balanced and was 
approximately 20 times the observers’ detection threshold. 
Figure 2a shows the separation discrimination threshold for 
unresolved (one sample) and resolved dots (four samples). For 
the normal fovea (Fig.2a) thresholds for the two conditions 
were identical. For a strabismic amblyopic eye (Fig. 2b) and for 
the normal periphery (Fig. 2c), thresholds improved noticeably 
for the resolved dots. We have corifirmed these observations on 
other observers and at different separations. We anticipated that 
increasing the number of samples from one to four would result 
in a twofold decrease in threshold (equal to V4). However, 
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surprisingly, the.thresholds were in fact reduced by only —V2, 
suggesting fhat only two of the samples were effective. To test 
this possibility, we separated the dots either horizontally only 
ої vertically only (stimuli 2H and 2V in the inset), thus providing 
two samples either in the same direction as the discrimination 
cue (horizontal separation) or in the orthogonal direction (ver- 
tical separation). Horizontal separation gave thresholds iden- 
tical to that obtained with a single sample whereas vertical 
sepáration gave thresholds. which were V2 better, Thus, the two 
samples in the direction orthogonal to the discrimination cue 
each coritributed effectively to reducing the threshold. This result 
is consistent with Hering’s hypothesis regarding the averaging 
of discrete samples and suggests that this process is performed 
by oriented mechanisms. 

Our results show that spatial iformatoni is indeed sampled 
discretely along the length of targets as originally proposed by 
Hering. In normal foveal vision, this process has a relatively 
small impact on the accuracy of spatial discriminations, presum- 
ably because the fovea has little intrinsic positional uncertainty. 
Thus foveal thresholds are smaller than a cone diameter. 
However, in the normal periphery and in the central field of 
strabismic amblyopes, the addition of spatial samples in the 
direction orthogonal to the discrimination cue reduces thresh- 
olds in proportion to Уп, as would be expected in an ideal 
detector with uncorrelated noise at an early stage of visual 
processing. 
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In peripheral vision, the high degree of spatial uncertainty 
with a few samples can be understood on the basis 'of tlie 
anatomy and physiology of the retina and cortex which results 
in a sparse neural sampling grain’. In strabismic amblyopia, we 
hypothesize that abnormal binocular interactions. result: in 
similar neural consequences—that is; a sparse.spatial sampling 
grain as a result of there being insufficient cortical neurones to 
provide accurate position signals. and/or a scrambling of the 
neural signals. A sparse sampling grain and/or scrambling of 
neural signals would introduce positional noise which is uncor- 
related between stimulus samples in peripheral and strabismic 
amblyopic vision. 
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To understand the mechanisms һу which the receptive field proper- 
ties of visual cortical cells are generated, one must consider both 
the thalamic input to the cortex and the intrinsic cortical connec- 
tions. In the cat striate cortex, layer 4 is the main recipient of 
input from the lateral geniculate nucleus, yet the cells in that layer 
possess several receptive field properties that are distinct from the 
geniculate input, including orientation specificity, binocularity, 
directionality and end-inhibition, the last of which allows cells to 
respond to edges of a restricted length’. These properties could 
be generated by connections within the layer, by its input from 
the claustrum? or by the massive projection that layer 4 receives 
from layer 6 (refs 6-9). In the present study, we attempted to 
determine the functional role of the layer 6 to layer 4 projection 
by reversible inactivation of layer 6 using the inhibitory transmitter 
y-aminobutyric acid (GABA). After inactivating layer 6, cells in 
layer 4 lost end-inhibition. Cells in layer 2+3, which receive their 
principal input from layer 4, were similarly affected. The elimina- 
tion of end-inhibition was Specific, other receptive field Properties, 
such as direction selectivity or orientation specificity, remaining 
intact. 

Recordings were made in cats maintained on sodium thiopen- 
tal anaesthesia, paralysed with succinylclioline and artificially 
respirated with 100% oxygen. At the start of an experiment 
virtually all of the cells in layers 2,3 and 4 were end-inhibited 
to some degree. The oxygen helped maintain the proportion of 
end-inhibited cells, which otherwise tended to decline during 
the experiment. The animals’ electrocardiogram, electro- 
encephalogram, temperature and expired CO; concentration 
were continuously monitored. A small hole was drilled in the 
skull above the visual cortex, and the dura and pia opened. To 


study the role of the layer 6 0.4 pathway, we inactivated layer 
6 by injecting GABA and examined the effect of this treatment 
on the receptive field properties in layers 2 to 4. À Similar 
approach has been used in other systems with inhibitory trans- 
mitters or analogues, local anaesthetics or соБа119-12, The 
advantage of GABA is that it affects cells and not afferents and 
the effects are reversible. In initial experiments ta determine the 
area inactivated by GABA injections of various amounts and 
concentrations, the micropipette was placed about 300 im below 
the layer 5/6 border and a second tungsten electrode, laterally 
displaced at various. distances from the ‘first electrode, was 
advanced to approximately the same laminar- position as the 
micropipette. The entrance into layer. 6 was Tecognized by the 
appearance of cells possessing long receptive fields in.this layer’. 
After the penetrations, electrolytic lesions were made, to verify 
the placement of the electrodes histologically and to determine 
the horizontal displacement between the two electrodes. ,We 
found that a 0.1- -ы injection of 10 mM GABA inactivated an 
area of ~700 рт in diameter: The inactivation lasted for several 
minutes and was always reversible. |, . 

Having established the conditions for blockade of the activity 
of layer 6 cells, we recorded from cells іп layers 2+3 and 4 
while the GABA pipette was іп а corresponding topographical 
position in layer 6. Figure 1 shows response histograms of a 
simple cell in layer 4. When tested with a stationary flashing 
bar, the cell’s receptive field consisted of a separate ‘on’ region 
flanked by two antagonistic ‘off’ regions. The cell was end- 
inhibited: its response to a long bar (8°) was reduced by 54% 
compared with its response to a bar of optimal length (1?). Ап 
injection of 0.1 pl of 10 mM GABA in layer 6 had по effect or 
the cell's response to the short bar, but greatly increased its 
response to the long bar, so that end- inhibition was completely 
eliminated. This blockade was reversible, for 3 min after GABA 
injection the cell’s response was on reduced. over 50% by 
end-inhibition. 

Cells in the superficial layers showed similar дані to those 
seen in layer 4. Figure 2 shows response histográms of a layer 
2+3 cell with a complex receptive field, 0.5? x 1.5? in size, and 
on-off responses to a stationary flashing bar. The cell responded 
briskly when a bar of optimal length (0.5?) was moved across 
its receptive field, but the response was reduced by 58% when 
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Fig. 1 Effect of inactivation of layer 6 on a simple cell in layer 
4. The cell's receptive field was 1°x 12? and had antagonistic on 
(+) and off (—) subfields when tested with a stationary flashing 
bar. Layer 6 was inactivated by pressure injection of 0.1 141 GABA 
(10 mM in 0.9% saline) using a glass micropipette with an insulated 
tungsten electrode glued to the side. Recordings were made either 
through the tungsten electrode or the micropipette, and were used 
to determine the duration of blockade. The injection pipette was 
positioned in layer 6 by advancing it until cells with receptive field 
properties characteristic of the layer were found? and then 
advanced an additional 300 um. A second tungsten electrode was 
placed in layer 4, directly over the pipette in layer 6. The positions 
of the injection pipette and tungsten electrode were later confirmed 
histologically. Response histograms from 10 stimulus presentations 
each were made before (top), immediately after (middle) and 3 min 
after (bottom) GABA injection in layer 6. The triangles under each 
histogram indicate the point at which the bar reversed direction. 
The cell was end-inhibited, such that its response to a long bar 
(8°) was 54% less than its response to a bar of optimum length 
(1°). This inhibition was eliminated by inactivation of layer 6 (right 
column), whereas the cell's response to a short bar was unchanged. 
Calibration: vertical mark, 10 spikes per bin; horizontal mark, 1 s. 


the stimulating bar was lengthened to 8°. The cell showed 
directional preference, responding 2.3 times more to movement 
in the optimal direction than to movement in the opposite 
direction. When layer 6 was inactivated by injecting 0.2 wl of 
10mM GABA, the cell’s response to the short bar was 
unchanged, but its response to the long bar was strongly 
increased, so that end-inhibition was eliminated. There was no 
effect on direction selectivity. Thus, end-inhibition was selec- 
tively eliminated, decreasing from 58% before GABA injection 
to 3% during layer 6 inactivation. Seven minutes after GABA 
injection the cell had almost completely recovered (to 45% 
end-inhibition). 

For most cells, the reduction of end-inhibition after a GABA 
injection was readily recognized within the first few responses 
to a long bar swept across the receptive field. The maximal effect 
lasted 1-5 min and the cell’s response then gradually recovered, 
being complete within 3-40 min. The effects were reversible after 
several injections. In one case, 11 injections were made without 
causing permanent changes in the receptive field properties of 
the recorded cell and without causing damage visible in Nissl- 
stained sections. 
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Fig.2 Effect of 0.2 p] GABA (10 mM) injection in laver 6 on a 
complex cell in layer 2+3. Same procedure as in Fig. 1. The cell's 
receptive field was 0.5? х 1.5? and gave mixed on (+) and offi ) 
responses when tested with a stationary flashing bar. When the 
stimulating bar was 8? long (top right), the cell's response was 
reduced by 58% of its response to a bar of optimal length (0.5*, 
top left). During layer 6 inactivation, the cell was only 3‘. end- 
inhibited (middle right). Seven minutes after GABA inject:on the 
cell was again 45% end-inhibited (bottom right). Inactivation of 
layer 6 had no effect on the response to the bar with an optimal 
length of 0.5? (histograms in left column). Note that inactivation 
of layer 6 had no effect on the cell’s direction selectivity Each 
histogram was obtained from 10 stimulus presentations. Calibra- 
tion: vertical mark, 50 spikes per bin; horizontal mark, 2s. 


To determine the spatial distribution of the effect, we com- 
pared length response curves before and during inactivation by 
producing and reversing the effect many times and obtaining 
histograms before and during inactivation for each of a number 
of bar lengths. An example is shown in Fig. 3. The cell showed 
summation until the stimulating bar was increased up to the 
full length of the excitatory part of the cell's receptive field, 
further lengthening of the bar inhibited the cells's response until 
the response was completely suppressed by a bar 4? in length 
Inactivation of layer 6 uncovered a vigorous response to long 
bars, but had no effect on the response to bars equal in length 
or shorter than the excitatory portion of the receptive field. 

We also investigated the effect of layer 6 inactivation on 
orientation tuning and directionality. The full range of orienta- 
tions over which we could elicit a response was determined 
using a hand-held projector, and we determined this range 
before and during layer 6 inactivation. While layer 6 was inacti- 
vated, the orientation tuning to a long bar was sharper than to 
a short bar, as it was before the blockade. A few cells showed 
slight increases in width of orientation tuning, although even 
when end-inhibition was completely eliminated thev were stili 
clearly orientation-selective. For the entire population studied 
directionality was unaffected during layer 6 inactivation (Fig. 2). 

The effect of layer 6 inactivation was examined on a sample 
of 49 end-inhibited cells from 12 cats. We selected only those 
cells with moderate to strong end-inhibition, and limited the 
size of the injection to that required for a clear reduction of 
end-inhibition, but never applied more than 0.3 ш in a single 
injection. The reduction of end-inhibition and the time course 
of the effect depended on the alignment of the two electrodes 
and the size of the GABA injection. For example, end-inhibition 
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Fig. 3 Length-response curve for a complex cell in layer 2+3 
before (continuous line) and after (dashed line) GABA injection 
in layer 6. The cell showed summation until the stimulating bar 
extended for the full length of the excitatory portion ofthe receptive 
field, as determined by testing its response to a short bar centred 
at different positions along its axis of orientation (arrow). Further 
lengthening of the bar reduced the response of the cell until it was 
completely inhibited by bars of 4? length or longer. Inactivation 
of layer 6 revealed a vigorous response to long bars, but had no 
effects on the response to bars equal in length or shorter than the 
excitatory portion of the receptive field. 


of the cell in Fig. 2 was reduced from 58% to 40% by 0.1 ul 
GABA and abolished by 0.2 ul. However, the amount of GABA 
necessary to reduce end-inhibition was independent of the 
laminar position of the cell, with complex cells in layer 2+3 
requiring the same average dosage as simple cells in layer 4. 
Out of our sample of 49 cells, end-inhibition was significantly 
decreased for all but 3 of the cells. For the cells where no effect 
was seen, later histological reconstruction of the positions of 
the recording and injection electrodes showed that their horizon- 
tal displacement was greater than 500 um. Figure 4 shows the 
extent of the change in end-inhibition for our sample population 
of cells in layers 2-- 3 and 4. 

Our experiments suggest that layer 6 is the source of end- 
inhibition for cells in layers 4 and 2+3. Many layer 6 pyramidal 
cells have axon collaterals that project to and ramify within 
layer 4 (refs 6-8). As mentioned above, these cells have long 
receptive fields, often requiring relatively long bars for activation 
and showing increased response as the stimulating bar is 
lengthened up to 8? or more. Cells in layer 4 and above have 
small receptive fields, and show progressive inhibition as the 
stimulating bar is lengthened, up to sizes equivalent to the 
excitatory portion of layer 6 cell receptive fields. A model for 
generating end-inhibition from cells with long receptive fields 
was originally suggested by Hubel and Wiesel". The projec- 
tion pattern and receptive field properties of layer 6 cells led to 
the hypothesis that these could be the cells responsible for 
end-inhibition, either by direct inhibitory action or by making 
contact with inhibitory interneurones within layer 4 (refs 
6, 14). 

Layer 6 cells are likely to be excitatory, because they take up 
and transport aspartate, a putative excitatory transmitter, and 
form asymmetrical synapses with round vesicles, a morphology 
usually associated with excitatory synapses'®. However, using 
serial electron microscope reconstructions, McGuire et al.’® 
demonstrated that many of the processes that are postsynaptic 
to layer 6 collaterals belong to either smooth or sparsely spinous 
cells, which are thought to be inhibitory, as they form sym- 
metrical synapses!^! and are GABAergic’®”°. A role for 
GABAergic interneurones in end-inhibition is supported by 
iontophoresis of the GABA antagonist bicuculline while record- 
ing from end-inhibited cells in layer 2+3, though usually the 


NATURE VOL. 320 27 MARCH 1986 i 





Layer 4 


End-inhibition group 


Fig. 4 End-inhibition of cells in layers 2+3 (left) and 4 (right) 
before and after GABA injection in layer 6. Degree of end- 
inhibition was divided into five categories. Cells in group 0 had 
no end-inhibition (0-10%); in group 1, end-inhibition was weak 
(11-35%); in group 2, it was medium (36-60%); in group 3, it 
was strong (61-90%); and in group 4, end-inhibition was very 
strong (91-100%). For all but three cells, inactivation of Jayer 6 
significantly reduced end-inhibition. Closed circles, complex cells; 
open circles, simple cells. 


effects were weak?!. The fact that the response to short bars was 
unaffected by layer 6 inactivation is consistent with our model, 
in that layer 6 cells are frequently not activated by short bars 
and therefore are unlikely to influence the response of layer 4 
cells to short bars. Finally, this hypothesis predicts that some 
inhibitory interneurones in layer 4 will have long receptive fields. 
'These neurones may have been missed because interneurones 
are smaller and less common than principal neurones, and it is 
difficult to determine the receptive field length without appropri- 
ate quantitative methods. However, using intracellular recording 
and dye injection, A. Humphrey (personal communication) 
recently found a smooth stellate cell in layer 4 possessing a long 
receptive field similar to those of layer 6 neurones. 

Our findings are comparable to those of Sherk and LeVay~, 
who studied the role of the projection from claustrum to cortex. 
The claustrum projects to all layers of visual cortex, but most 
heavily to layer 4 (ref. 5). Cells in the claustrum have similar 
receptive fields to those in layer 6 (ref. 5), and when the claus- 
trum is lesioned, cortical cells lose some of their end-inhibition??, 
The effects of inactivating layer 6 seen in the present study were 
stronger than those caused by lesioning the claustrum. Since 
layer 6 is the source of input to the claustrum and since this 
pathway is retinotopically organized, inactivating layer 6 could 
effectively block the claustral input to layer 4 as well as the 
direct layer 6 to 4 projection, thus removing both sources of 
end-inhibition with a single injection. 

Inactivating layer 6 abolished end-inhibition in layer 2+3 as 
readily as in layer 4, although layer 6 projects predominantly 
to layer 4. However, spiny stellate cells in layer 4 have a strong, 
presumably excitatory projection to layer 2+3 (refs 6, 9). Our 
results therefore suggest that cells in layer 4 endow layer 2+3 
neurones with end-inhibition, an idea which is further supported 
by the finding that layers 2+3 and 4 have the same proportions 
of end-inhibited cells? showing a comparable degree of end 
inhibition). This may explain why bicuculline iontophoresis 
could not eliminate end-inhibition in the superficial layers, since 
cells to which the bicuculline was applied may not have gener- 
ated end-inhibition themselves, but instead may have inherited 
it from cells distant from the iontophoretic pipette. Our findings 
provide indirect evidence for an excitatory link between layers 
4 and 2+3, and suggest that at least one property is transferred 
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through that pathway. This conflicts with the finding that layer 
2+3 cells appear normal when layer 4 is silenced by inactivation 
of the A laminae of the geniculate, requiring all receptive field 
properties to be generated anew in each cortical layer!!. Instead, 
our results are consistent with the hypothesis of Hubel and 
Wiesel! of a sequence of processing from simple cells to complex 
cells, representing a functional interaction between cortical 
layers. 

In conclusion, we have shown an association between one 
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component of the intrinsic cortical circuit and a specific receptive 
field property. Our results demonstrate how a f unctionally 
defined class of cortical cells participates in the transformation 
of geniculate input occurring within the striate cortex. 
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Mov13 mice carry a single Moloney murine leukaemia virus (M— 
МШ.У) proviral copy in the first intron of the a@1(I) collagen gene. 
Virus insertion interferes with the synthesis of stable o'1(I) col- 
lagen messenger RNA and causes a recessive lethal mutation’, 
The virus insertion has induced changes of the methylation pattern? 
as well as the chromatin conformation in the mutated gene. 
Specifically, a DNase-hypersensitive site which is associated with 
active transcription of the wild-type collagen gene is not present 
in the mutant allele“. The block of collagen expression could be 
caused by virus-induced instability of collagen mRNA or by 
impaired initiation of transcription. To distinguish between these 
possibilities, we have compared the activity of the &1(1) collagen 
gene promoter in cell lines derived from wild-type and Mov13 
embryos by nuclear run-on transcription experiments and S, map- 
ping of nuclear RNA. We show here that initiation of transcription 
of the mutant gene is reduced 20—100-fold. This indicates that the 
virus-induced change of chromatin structure in the promoter region 
of the mutant gene prevents RNA polymerase from binding to its 
DNA template. Our results are consistent with the notion that the 
promoter-associated DNase-hypersensitive site is a prerequisite 
for rather than a consequence of gene activity. 

To determine the transcriptional initiation at the wild-type 
and Моу13 о1(1) collagen gene promoter, we performed nuclear 
run-on transcription experiments with nuclei from cell lines 
derived from wild-type or homozygous Movl3 embryos!. 
Undifferentiated P19 embryonal carcinoma (EC) cells, which 
do not transcribe a1(I) collagen mRNA‘, were used as a control. 
Nuclei were isolated and RNA was synthesized in vitro in the 
presence of ??P-UTP and hybridized to a Southern blot of 
restriction fragments which were derived from a 14-kilobase 
(kb) clone containing the 5' end of the а1(1) collagen gene’. 


Restriction fragments of a rat o-tubulin complementary DNA 
clone? served as internal standard. The result of a typical experi- 
ment is shown in Fig. 1a. In vitro synthesized RNA from all cell 
lines hybridized with comparable intensity to the a-tubulin 
DNA fragment. In contrast, only RNA from wild-type, but not 
from Movi3 or P19, cells hybridized to the а1(1) collagen 
restriction fragments. (Fragments 1B and 2B, which did hybrid- 
ize, contain repetitive sequences located 5” of the a1(1) collagen 
gene, see map, Fig. 1c). The intensity of hybridization of the 
individual fragments was roughly proportional to their size, 
indicating that sequences derived from different sections of the 
gene were transcribed in vitro with identical frequency. 
Moreover, hybridization of the 1.1-kb BstEII/ Xbal fragment 
1D, which contains only intron sequences (Fig. 1с), shows that 
the in vitro elongated RNAs used as hybridization probes were 
primary transcripts and not processed RNA. 

The 0.5-kb BstEII/ BglII fragment 2C contains almost exclu- 
sively sequences derived from the first exon of the a1(1) collagen 
gene which in Mov13 DNA is located 5' of the viral integration 
site. The intensity of hybridization of this fragment is therefore 
a measure of initiation of a1(I) collagen mRNA transcription 
in wild-type as well as in Моу13 cells. Figure 1a shows that 
fragment 2C hybridized only to RNA from wild-type but not 
from Mov13 cells. Similarly, no signal was seen with RNA from 
P19 cells. Even after extended exposure of the autoradiogram 
(Fig. 1b) the 0.5-kb fragment 2C did not give a visible signal 
with RNA from Моу13 cells. This shows that in Mov13 cells 
the absence of o'1(I) collagen mRNA is due, at least in part, to 
a reduction of the number of RNA polymerase molecules initiat- 
ing RNA transcription at the о1(1) collagen promoter rather 
than a premature termination or aberrant splicing of transcripts. 
Densitometer scans of autoradiograms from several independent 
experiments (not shown) allowed us to estimate that initiation 
of a1(I) collagen gene transcription in Моу13 cells is at least 
20-fold lower than in wild-type cells. However, because of the 
small size of fragment 2C and the corresponding weak signal 
produced on the autoradiogram, this is a minimal estimate 
indicating the limits of detection by this assay rather than the 
actual extent of transcriptional inhibition. 

In vitro elongated RNA from Моу13 cells did hybridize to 
the 4.9-kb fragment 1F (Fig. 1b; a faint hybridization of fragment 
1F with P19 RNA was also visible on the original autoradiogram 
but is not shown). To determine whether Mov13 and P19 cells 
show residual «1(I) collagen promoter activity which was 
undetectable by the nuclear run-on transcription assay but could 
account for the hybridization of Mov13 transcripts to fragment 
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Fig. 1 Hybridization of in vitro elongated RNA to restriction 
fragments of the mouse а1(1) collagen gene. Nuclei were prepared 
from cell lines derived from wild-type (wt) or homozygous Mov13 
embryos! and from the EC cell line P19. Nuclear RNA was 
elongated in the presence of ?P-UTP, purified and hybridized to 
nitrocellulose filters containing restriction fragments of a genomic 
clone of the mouse a 1(1) collagen gene (lanes 1, 2 and ref. 2), a 
rat a-tubulin cDNA clone (lane T and ref. 5), and pBR322 (P) ог 
A(L) contro! DNA. The filters were exposed for 1 day (a) or 8 
days (b). A partial restriction map of the mouse а1(1) collagen 
gene? is shown in c. The first two exons of the gene are shown as 
open boxes, the M-MuLV integration site in Mov13 DNA as an 
arrowhead. The restriction sites of the enzymes BstEII, XbaI and 
BglII are shown which were used to produce the DNA blots shown 
in a. The uppermost band marked with an asterisk in lane 1 is due 
to a partial digest. 

Methods. Isolation of nuclei, run-on transcription, purification of 
labelled RNA, and hybridization were performed according to 
published procedures'*'*, with minor modifications. After 
exposure to X-ray film, the filters were rehybridized with a nick- 
translated mouse а1(1)соПареп DNA probe to confirm that all the 

blots used contained identical amounts of DNA (not shown). 


1F, we performed nuclease S, mapping experiments with nuclear 
RNA from wild-type, Mov13 and P19 cells. These RNA.prepar- 
ations showed а ~100-fold enrichment of nuclear RNA sequen- 
ces, as estimated from the yield of RNA recovered in this fraction 
relative to total cellular RNA and from an electrophoretic analy- 
sis of 45S ribosomal RNA precursor molecules in the nuclear 
RNA preparations (not shown). Because of the presence of 
considerable amounts of this latter RNA species, we also expec- 
ted an enrichment of primary mRNA transcripts in the nuclear 
RNA fraction and therefore an increased sensitivity of the 
nuclease $; mapping assay. 

The probes used in these assays and the results are shown in 
Fig. 2. Besides a 0.34-kb BglII/ Xbal fragment (probe С) which 
has previously been used for S, nuclease mapping of o1(I) 
collagen mRNA, we have also used a 0.63-kb Ве 1/ BssHII 
fragment (probe B) prepared from a genomic clone of Mov13 
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Fig.2 Nuclease S,-mapping analysis of total and nuclear RNA 
from wild-type (wt), homozygous Mov13 and P19 cells. The RNAs 
analysed with probes A, B or C, respectively (compare the map 
and the text), are indicated at the top of the autoradiograms. 

Methods. Cells were homogenized in hypotonic buffer* in the 
presence of 0.03-0.05% Triton X-100 and nuclei isolated by cen- 
trifugation and extracted with phenol-chloroform. RNA was separ- 
ated from DNA by CsCl gradient centrifugation. Samples of 15 pg 
of nuclear or 25 ug of total RNA were hybridized to 10-20 ng of 
each probe, digested with S, nuclease and analysed by polyacryl- 

amide gel electrophoresis”. 


DNA*. This fragment, which contains the first exon of the о1(1) 
collagen gene and sequences derived from the 3' long terminal 
repeat (LTR) of the M-MuLV provirus integrated in Mov13 
DNA was used to detect any transcripts initiating at the collagen 
promoter and continuing into viral sequences. The 2.9-kb 
BgllI/ BstEII fragment (probe A) was labelled at the opposite 
strand and was included to detect possible transcripts initiating 
at the viral promoter in the 3' LTR and extending into cellular 
sequences (that is, anti-sense RNA complementary to the first 
exon and 5'-flanking sequences of the a1(I) collagen gene). 
Probe C detected the expected 112-base-pair (bp) protected 
fragment in both total and nuclear RNA from wild-type but not 
from Mov13 or P19 cells (Fig. 2). Accordingly, probe B did not 
detect any transcripts in Mov13 nuclear RNA which would have 
resulted in a protected fragment of 400 bp. This shows that there 
is no residual a1(I) collagen promoter activity in Mov13 cells 
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which might have escaped detection by the run-on transcription 
assay. The sensitivity of the S; mapping assays was estimated 
by counting the radioactivity in the corresponding gel slices (not 
shown). In nuclear RNA from Mov13 and P19 cells we would 
have been able to detect a 100-fold lower concentration of a1(I) 
collagen transcripts as compared with wild-type cells. Assuming 
that the nuclear RNA used contained predominantly primary 
transcripts, we can conclude that initiation of transcription at 
the о (Т) collagen promoter in Mov13 cells is reduced by at 
least 100-fold relative to wild-type cells and is comparable to 
P19 cells which normally do not transcribe a1(I)collagen 
mRNA. The hybridization of restriction fragment 1F with in 
vitro elongated RNA from Mov13 cells (Fig. 15) can therefore 
not be due to transcripts initiated at the a 1(I) collagen promoter. 
It may be the result of activation of cryptic promoter sequences 
within the о1(1) collagen gene due to the provirus insertion, ог 
cross-hybridization of this section of the gene with type III 
collagen mRNA or with other unknown repetitive sequences. 
The presence of a member of the mouse B1 family of middle 
repetitive sequences in the @1(I) collagen gene has in fact 
recently been shown’. 

Probe A did not detect any transcripts initiating in the proviral 
3 LTR and extending into cellular sequences (Fig. 2). This was 
not unexpected because indirect evidence indicates that this 
proviral сору in Mov13 cells is transcriptionally inactive*, and 
because intact retroviral proviruses usually do not use their 3' 
LTR for initiation of transcription’, 

Our results show that the provirus-induced change of 
chromatin structure of the a1(I) collagen gene in Mov13 cells 
inhibits initiation of transcription, probably by preventing RNA 
polymerase and/or other transcription factors from binding to 
the DNA template. The most striking difference in chromatin 
structure of the wild-type and mutant gene is the absence of the 
transcription-associated DNase-hypersensitive site in the latter. 
DNase-hypersensitive sites within eukaryotic genes are thought 
to be regions where transcription factors bind to regulatory 
DNA sequences"", They may have an important role in 
developmental gene activation". Because the virus insertion in 
Mov13 cells has not changed the DNA sequence containing the 
presumptive binding site but exerts its effect over a distance of 
7500 bp, the binding of such factors must be controlled by 
structural features of the chromatin rather than DNA sequence 
alone. Our results therefore suggest that the promoter-associated 
hypersensitive site is a prerequisite for ratherthan a consequence 
of gene activity. The virus seems to cause the mutation by 
long-range and indirect effects which may prevent correct activa- 
tion of the а1(1) collagen gene by interfering with the develop- 
mentally regulated induction of the hypersensitive site. 
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Studies of the genomic structure of human T-lymphotropic virus 
type III (HTLV-IIT) and related viruses, implicated as the causal 
agent of acquired immune deficiency syndrome (AIDS), have iden- 
tified a sixth open reading frame in addition to the five previously 
known within the genome (gag, pol, sor, env and 3'orf)'*, This 
gene, called tat-II, lies between the sor and env genes and is able 
to mediate activation, in a trans configuration, of the genes linked 
to HTLY-III iong terminal repeat (LTR) sequences? ?. We now 
present evidence that the product of tat-III is an absolute require- 
ment for virus expression. We show that derivatives of a biologi- 
cally competent molecular clone of HTLV-I’, in which the tat-III 
gene is deleted or the normal splicing abrogated, failed to produce 
or expressed unusually low levels of virus, respectively, when 
transfected into T-cell cultures. The capacity of these 1at-IIl- 
defective genomes was transiently restored by co-transfection of 
a plasmid clone containing a functional tat-II gene or by introduc- 
ing the TAT-III protein itself. As HTLV-III and related viruses 
are the presumed causal agents of AIDS and associated condi- 
tions!?-?, the observation that tat-III is critical for HTLV-II 
replication has important clinical implications, and suggests that 
specific inhibition of the activity of tat-III could be a novel and 
effective therapeutic approach to the treatment of AIDS. 

Transcriptional activation of viral genes by viral regulatorv 
elements acting in cis and trans configurations was first 
described for DNA tumour уігиѕеѕ!3-!8, and trans-activator 
genes have since been found in retroviruses of man!?-2!, 
cattle??? and sheep?*. Knowledge that trans-acting factors can 
specifically augment the expression of viral genes has led to 
intense speculation that trans-activator genes may have crucial 
roles in the biology of these viruses. 

The tat-III gene, as characterized by functional mapping 
studies, consists of three exons*". The first exon is non-coding 
and extends 287 base pairs from the 5’ LTR. The second exon, 
located between the sor (for short open reading frame) and env 
(envelope) genes, encodes 72 amino acids and is crucial for 
trans-activation. The third exon encodes only 14 amino acids 
and is located within the env gene in a different reading frame. 
To investigate whether trans-activation is an essential feature 
of HTLV-II replication, a panel of HTLV-II plasmid clones 
containing modifications in the tat-II] gene were generated 
(Fig. 1). These constructs were derived from a plasmid clone 
pHXB2D which contains full-length HTLV-III provirus and 
produces infectious HTLV-III virions and cytopathic effects 
when transfected into normal human T lymphocytes”, Clone 
pHXB2gpt, which contains an Xbal/ Hpal viral DNA fragment 
from AHXB2D inserted into plasmid vector pSP65gpt, was used 
to generate genomic constructs lacking either the major coding 
region (pHXB2ASal-Sst) or the splice acceptor sequences 
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Fig. 1 Construction of HTLV-III plasmids and 
analysis of CAT activity. The precise nature of the 
deletions shown was confirmed by nucleotide 
sequence analysis. The nucleotide positions shown 
correspond to those published for BH10 (ref. 1). 
Closed ‘boxes depict LTR sequences, cross-hatched 
boxes depict the Escherichia coli xanthine-guanine 
phosphoribosyl transferase gene (xgpr)? and open 
triangles show regions deleted from the HTLV-III 
genome. Open squares shown in plasmids pCV-1 and — Plasmid 
pCV-3 (ref. 6) represent adenovirus middle late pro- СО nstructs 
moter (MLP) sequences” . 

Methods. Ап 11.5-kb Xbal/Hpalfragmentcontáining PHXB29Pt 
full-length HTLV-III proviral DNA was excised from 

the phage clone AHXB2-D (ref. 31) and inserted into 

the BamHI and EcoRI sites of the plasmid pSP6Sgpt. pHXB2 
Clone pHXB2gpt contains the viral insert in the same 


Nucleotide Position 5322 5357, 5401 
x, 
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transcriptional orientation as the E. coli xgpt gene. g % E ge % A 

pHXB2gpt was used for the construction of РНХВ2 Ñ 2 шы 2 

pHXB2ASal-Sst and pHXB2ASal-RI plasmids. Con- ^ Sat-RI zzz enio- = 046006 
struct pHXB2ASal-Sst is deleted of nucleotides 5,367- $o 

5,580 and hence lacks the entire first coding exon of харт = EE 

tat-III (exon 2), including the initiating methionine. pSP65gpt o—T77777M*f— - 0512002 
It was generated from pHXB2gpt by a SstI partial s 

restriction digest followed by digestion to completion 

with SalI, end repair with Т4 DNA polymerase and PCV SD polyA 

re-closure with T4 DNA ligase. Plasmid pHXB2ASal- А L1 ТА ТАНЫП cDNA * 461021630 
R1 is deleted of nucleotides 5,323-5,367 and hence 

lacks the splice acceptor sequence thought to be prefer- sD polyA 

entially used to generate mature tát-III mRNA’, while  PCV.3 осо---------і р----- Z Not tested 


the entire tat-III coding sequence is unaffected. The 
clone was constructed by an EcoRI partial restrictión 


SA  3'ORFcDNA 


of pHXB2gpt, followed by complete digestion with Sall, repair with the Klenow fragment of E. coli DNA polymerase and re-closure with T4 ligase. Plasmids 
pCV-1 and pCV-3 contain the complete cDNA of the spliced tat-III and 3'orf mRNA, respectively®. The ability of plasmid clones to trans-activate genes linked 
to HTLV-III LTR sequences was assessed as follows: 10 pg of DNA from the recombinant plasmid pCD12CAT (containing the bacterial gene for CAT under 


the regulation of the HTLV-III LTR?) was mixed with.10 pg of DNA from 


each test plasmid individually and transfected into 1.1 х 10’ H9 lymphoid cells. The 


transfections were performed by incubating the cells in RPMI 1640 media containing 250 ug mI! DEAE-dextran, 50 mM Tris-HCl pH 7.3 for 1h at 37 °С. Cells 
were washed with complete media (RPMI 1640, 10% fetal calf serum (FCS) and 50 pg ml! gentamicin) and maintained for 48h at 37 °С in complete media. 


The cells were collected, washed in phosphate-buffered saline and resuspen: 


ded in 1 ml of 0.04 M Tris-HCl pH 7.4, 0.15 M NaCl and 0.001 M EDTA, transferred 


to Eppendorf tubes and pelleted. Cells were resuspended in 0.25 M Tris-HCl pH 7.8 and lysed by freeze-thawing three times. After pelleting cell debris (5 min in 
Beckman microfuge), supernatants were transferred to new Eppendorf tubes and heated to 60°C for 10 min. CAT activity was determined on 20-pl aliquots 
incubated with '*C-chloramphenicol and acetyl CoA as previously described”. Chloramphenicol and acetylated metabolites were separated by ascending TLC 
and visualized by autoradiography. Radiolabelled chloramphenicol and derivatives were cut from the plates and quantitated by liquid scintillation counting. CAT 
activity was determined as counts per min (c.p.m.) of acetylated metabolites of chloramphenicol expressed as a percentage of the total c.p.m. The results shown 
are thé means and standard deviation of three independent co-transfections for each test plasmid. Transfection of RSVCAT??, SVOCAT? and pCD12CAT alone 
gave values of 48.0:-6.9, 0.31 +0.036 and 1.41 +0.13, respectively. RSVCAT thus served as a positive control for each experiment, while SVOCAT, which lacks a 
functional promoter, is a negative control. Levels of CAT activity significantly above the values for pCD12CAT alone were indicative of trans-activating activity. 
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Fig.2 Comparison of virus expression in H9 cultures following 
transfection with HTLV-III plasmid derivatives. The percentage 
of cells expressing HTLV-III p15 antigen was assessed by immuno- 
fluorescence using the monoclonal antibody. BT2 and standard 
protocols?. The results shown are the mean value and range 
obtained following three independent transfections with plasmids 
pHXB2gpt (M), pHXB2ASal-Sst (A), pSP65gpt (V) and 
pHXB2ASal-RI (cultures 1 (@), 2 and 3 (O)). 

Methods. H9 cells (2.5 х 105) were transfected with 1019 bacterial 
protoplasts using a protoplast fusion technique". The cells were 
maintained in culture at a density of 5x 105 to 2x 105 per ml for 
8 weeks in RPMI 1640 media containing 20% fetal calf serum/anti- 
biotics, and HTLV-III virus production assayed by electron micro- 

` scopy 1, 2, 4, 6 and 8 weeks after transfection. 


(pHXB2ASal-RI) of tat-III. In pHXB2ASal-Sst, nucleotides 
5,367-5,580 (from the SalI/ 5811 sites) have been deleted, remov- 
ing most of the tat-III coding sequences of the second exon 
together with sequences upstream of the tat-III initiation codon 
(position 5,401) (Fig.1). Plasmid pHXB2ASal-RI has lost 
nucleotides 5,323-5,367 (from the SalI/ EcoRI sites) and hence 
lacks the splice acceptor (position 5,357) thought to be preferen- 
tially used to generate mature tat-III messenger RNA, while 
the entire coding sequence remains unaffected. 

The extent to which these deleted genomes are capable of 
trans-activating genes linked to the HTLV-III LTRs was 
assessed in a series of DEAE-mediated co-transfection experi- 
ments? using pCD12CAT as an indicator’. Chloramphenicol 
acetyltransferase (CAT) activity was determined 48 h after trans- 
fection as the amount of cytoplasmic 14C-labelled chloram- 
phenicol converted to acetylated metabolites, expressed as a 
percentage of the total. Transfection of H9 cells with 
pHXB2gpt+ pCD12CAT significantly augmented CAT activity 
(18.296) as compared with transfection using pCD12CAT alone 
(0.03%) or pCD12CAT+ pSP65gpt (0.5%) (Fig. 1), consistent 
with pHXB2gpt containing a biologically functional tat-III 
gene^*. Co-transfection of pCD12CAT with pHXB2ASal-Sst or 
pHXB2ASal-RI gave values of 0.3% and 0.4%, respectively. 
Thus, in standard assays, trans-activation was not detected using 
genomes that lacked either the second exon coding sequences 
or the splice acceptor site of the tat-III gene. These results аге 
consistent with reports of the location of trans-activator gene 
of HTLV-III and its normal splicing". 

To assess the capacity of tat-III-defective genomes for pro- 
ductive virus replication, constructs pHXB2ASal-Sst and 
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Fig.3 Demonstration of multinucleated cells, virus particles and HTLV-III 
DNA sequences in cultures transfected with HTLV-III plasmid derivatives. 
Three to five days after transfection, H9 cells were removed from culture, 
cytocentrifuge preparations made and stained with Wright-Giemsa stain to 
reveal nuclear morphology. a-d, Samples from cultures transfected with 
pSP65gpt (a), pHXB2gpt (b), pHXB2ASal-Sst (c) and pHXB2ASal-RI (d). 
Multinucleated cells at frequencies of >1 to 5% of total were observed in 
samples 5, c and d. e, f, Electron micrographs of virions produced 2 weeks 
after transfection with pHXB2gpt and pHXBASal-RI, respectively. In the 
case of pHXB2gpt, the virions had typical HTLV-III morphology, were 
abundant and budding particles readily observed. In the case of pHXB2ASal- 
RI, both characteristic HTLV-III virions and particles with abnormal mor- 
phology (irregular shape and cores) were evident and very few particles 
were found. Budding virus was not evident in these cultures 1-4 weeks after 
transfection but was occasionally demonstrated thereafter. g, Southern blots 
of DNA prepared from H9 cells 2 weeks after transfection with pHX B2ASal- 
Sst (lanes 1-3) or pHXB2gpt (lane 4) DNA of high M, was isolated using 
standard protocols ". DNA (5 рв) was digested separately with the enzymes 
Xbal (lane 1), BamHI (lane 2) or 55:1 (lanes 3, 4) electrophoresed in 0.896 
agarose gels, blotted and hybridized to probe prepared from nick translation 
of the SstI/ Sst1 fi ragment of the phage clone A BHIO?'. Nitrocellulose acetate 
filters were washed in 0.5 x SSC, 0.1% SDS at 65 °C for2-4 h before exposure. 
Digestion of H9/pHXB2ASal-Sst DNA with Xbal (an enzyme that does 
not cut the viral genome but has a single site in the plasmid) yields a single 
band at 17kb, corresponding to linearized plasmid in these cells, and a 
high-M, smear (>23 kb), suggesting integration of the transfected DNA. 
Digestion with BamHI (an enzyme that cuts at a single site in the HTLV-II 
sequences of the plasmid) reveals a single 17-kb band, consistent with the 
presence of plasmid DNA in transfected cells. SstI digestion of DNA from 
pHXB2ASal-Sst-transfected cultures shows an intense band of 9.5 kb and a 
less intense band of 17 kb. The former corresponds to the 5511/8511 viral 
insert which is predicted following the construction of pHXB2ASal-Sst from 
pHXB2gpt. The latter probably represents residual partially digested plas- 
mid. 5511 digestion of H9/pHXB2gpt DNA (lane 4) shows two bands at 
5.8 and 3.7kb, representing the fragments predicted from digestion of 
unintegrated proviral DNA with this enzyme. 


pHXB2ASal-RI, pHXB2gpt and pSP65gpt, were introduced into 
H9 cells by protoplast fusion. This technique has been used by 
our own and other laboratories to transfect and stably express 
genes in lymphoid cells”, Figure 2 summarizes time-course 
experiments in which the frequency of cells expressing HTLV-III 
p15 (gag-related protein) was assessed following protoplast 
fusion. One week after transfection with pHXB2gpt, 1-15% of 
H9 cells expressed HTLV-II] p15 and extracellular and budding 
virions were evident. The number of НТІМ-ПІ-ехргеѕѕіпр cells 
increased to 80-90% within the first 2 weeks and was maintained 
at a high level throughout the experiment. In contrast, no virus- 
or pl5-expressing cells were detected after transfection with 
pHXB2ASal-Sst. These results indicate that tat-III is crucial for 
HTLV-III production. Southern blots (see Fig.3g) prepared 
from these cells and probed for HTLV-III sequences showed 
the presence of linearized unintegrated plasmid DNA (a 17- 
kilobase (kb) band, lanes 1, 2) and integrated HTLV-III sequen- 
ces (a high relative molecular mass (M,) smear >23 kb, lane 
1). Hence, the failure of H9/pHXB2ASal-Sst cultures to produce 
virus was not due to failure to introduce this DNA into cells. 
Notably, digestions with enzymes that do not cut in the HTLV- 
III sequence (Xbal, Fig. 3g, lane 1) or cut at a single site in the 
plasmid (BamHI, lane 2) failed to reveal a 9.5-kb band, corre- 
sponding to unintegrated HTLV-III DNA in pHXB2ASal-Sst- 
transfected cells. The absence of unintegrated viral DNA may 
be an indication of lack of virus replication. 

Transfection of clone pHXB2ASal-RI resulted in virus 
expression in two of three cases. In these, low-level expression 
(<2% of cells) of p15 was demonstrated 2 weeks after 
transfection. Electron micrographs revealed small numbers of 
exclusively extracellular particles, many of which had unusual 
morphology compared with typical virions (see Fig. 3f and e, 
respectively). These aberrant particles may represent true defec- 
tive particles or simply degenerating virions. The proportion of 
cells expressing p15 increased to ~30% by week 3 and reached 
a plateau at 10-2096 in successive weeks. 

These results have two implications. First, the molecular clone 
pHXB2ASal-RI is capable of generating HTLV-III virus, but at 
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markedly reduced levels compared with the parental pHXB2gpt 


` plasmid (we estimate that cultures transfected with the former 


contained 10 times fewer particles). Hence, we suggest that this 
clone, deprived of the normal splice acceptor used to generate 
tat-III, is able to use alternative splice acceptor sites in the 5' 
region of the genome to generate mature tat-III mRNA. Alterna- 
tively, we can postulate that tat is being read off a polycistronic 
message which includes sor-tat-3'orf. Complementary DNA 
clones corresponding to these sequences have been identified 
and shown to trans-activate in the CAT assay (S. K. Arya et 
al, in preparation). An apparent inconsistency with these 
hypotheses is the failure to demonstrate trans-activation with 
plasmid pHXB2ASal-RI. To clarify this point, we performed 
extended CAT assays on the virus-positive and -negative 
pHXB2ASal-RI-transfected cultures. Cultures 1 (virus negative) 
and 2 (virus positive) (Fig. 2), assayed 8 weeks after transfection, 
gave conversions of '*C-chloramphenicol of 0.534 + 0.06896 and 
52.47 + 11.07%, respectively, in 13-h assays. The latter value is 
significantly greater than the conversion rates seen in uninfected 
cultures (0.596), consistent with low levels of trans-activation 
in virus-positive, pHXB2ASal-RI-transfected H9 cultures. 
Second, the frequency of HTLV-III p15-positive cells in 
pHXB2ASal-RlI-transfected cultures did not increase to 
approach 100%. Using an in situ technique capable of detecting 
infrequent cells expressing as few as 20-60 HTLV-III RNA 
transcripts per cell, we determined that 0% and 25% of cultures 
1 and 2 (week 8) and 2096 of culture 3 (week 4) expressed viral 
RNA. These results are comparable to immunofluorescence 
values and support the contention that virus generated from 
pHXBA2ASal-RI is either defective or produced in too low 
amounts to spread efficiently through the culture. As the splice 
acceptor deleted in pHXB2ASal-RI may be used to generate 
tat-III and 3'orf mRNA, the reduced infectivity might be attribu- 
table to compromising either or both of these genes. 

Figure 3c, d demonstrates the capacity of tat-I1I-defective 
constructs transiently (3-5 days after protoplast fusion) to 
induce H9 cell multinucleation at frequencies exceeding 196 
(1-5%) and suggests that shortly after transfection with 
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Fig. 4 Complementation of tat activity in H9 cells transfected with HTLV-' 
III plasmids deleted in the trans-activator gene. a, Time course of relative 
frequency of HTLV-IILexpressing cells in H9-transfected cultures. 
Expression of viral gag protein p15 was assessed on a daily basis and the 
proportions of expressing cells are indicated on an increasing scale where 
— = none detected, +=few expressing cells, ++ = 0.1-1.0% positive cells, 
+++ = 1.0-10% positive cells and ++++ = 10-9996 positive cells. b-d, 
Autoradiographs of transfected cells labelled by in situ hybridization for 
HTLV-III RNA. The number of grains (intensity of labelling per cell) 
indicates the relative abundance of HTLV-III RNA. 5, c, H9 cell cultures 
16 days after transfection with pHXB2ASal-RI. In the case of b, 48 h before 
in situ assay these cultures were transfected with protoplasts containing 
TAT-III protein. Comparison with parallel cultures not transfected with 
TAT-III protein (c) shows that expression is clearly elevated in the former, 
30% and 1% of cells in cultures, corresponding respectively to b and c, 
being judged as positive (>20 grains per cell). H9 cells were also transfected 
with pHXB2ASal-Sst and 14 days later transfected with protoplasts contain- 
ing TAT-III protein. In this case (d), we were unable to detect HTLV-III 
RNA 48 h later. 

Methods. a, Using the protoplast fusion technique as described previously?, 
10'° bacterial protoplasts containing plasmids pHXB2ASal-Sst, pSP65gpt 
or pHXB2gpt were separately transfected into 3 x 10° H9 cells. In addition, 
5x10? protoplasts containing pHXB2ASal-Sst were separately combined 
with equivalent amounts of pCV-1, pCV-3 and pHXB2gpt or bacterial 
protoplasts containing TAT-III protein, and the mixed preparations fused 
with 3 x 10* H9 cells. Bacterial protoplasts containing TAT-III protein were 
prepared as follows. E. coli strain AR120 carrying the plasmid pOTS-tat-III 
(ref. 35) were grown exponentially and induced to synthesize TAT-III protein 
by the addition of 60 ug mi^! nalidixic acid?6, for 5 h at 37°C. 1019 bacteria 
were collected, washed, treated with lysozyme to produce protoplasts and 
fused with H9 cells. The efficiency of TAT-III production following nalidixic 
acid treatment was checked by subjecting bacterial lysates to SDS-polyacryl- 
amide gel electrophoresis and visualization of the separated proteins by 
Coomassie brilliant blue staining (data not shown). We estimate that the 
TAT-III protein accounts for 2-576 of the total cellular protein in the induced 
bacteria. b-d, Cells were cytocentrifuged on to microscope slides, fixed and 
hybridized in situ according to Harper et al. The ?S-labelled RNA probe 
was synthesized by transcription of clone pBH10-R3? and was specific for 

the 3' portion (1-2 kb) of the HTLV-III genome. 


pHXB2ASal-Sst or pHXB2ASal-R1, small numbers of cells tran- 
scribe HTLV-III envelope genes. This observation can in part 
be explained by reports that HTLV-III LTRs can act as efficient 
promoters in lymphoid cells??5, in the absence of tat-III. 
Complementation experiments were performed to determine 
whether the failure of TAT-defective clones to generate HTLV- 
III efficiently could be compensated by the provision of a 
functional tat-III gene or the TAT-III protein itself (see Fig. 4). 
H9 cells transfected with pHXB2gpt alone or in combination 
with pHXB2ASal-Sst expressed HTLV-III p15 and virus parti- 
cles 3-4 days after transfection, indicating that the simultaneous 
fusion of protoplasts containing different plasmids does not 
alter the efficiency of DNA transfection per se. HTLV-III- 
expressing cells were not detected following transfection of 
pHXB2ASal-Sst alone or in combination with pCV-3. However, 
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following co-transfection of pHXB2ASal-Sst and pCV-1, HTLV- 
III p15-positive cells were apparent 6 (< 0.01%) to 14 (2.8%) 
days after fusion and HTLV-III RNA-expressing cells confirmed 
in parallel in situ studies. These results show that the capacity 
for virus expression can be restored to a genome deprived of 
tat-III by the provision of an unlinked, functional tat-III gene. 
No virus-expressing cells were seen in the same cultures 21 days 
after transfection. This transient expression infers that com- 
plementation was achieved in trans and that decreased 
expression was coincident with reduced numbers of cells which 
stably retained both pHXB2ASal-Sst and pCV-1. Analysis of 
DNA prepared from these cells on day 14 showed that the 
proviral DNA corresponds exactly to that predicted from clone 
pHXB2ASal-Sst (data not shown), and excludes the generation 
of a competent virus by recombination. о 

The introduction of bacterially derived TAT-III protein into 
H9/pHXB2ASal-Sst cultures did not result in virus expression, 
whereas its addition to H9/pHXB2ASal-RI cultures caused a 
marked increase in virus expression within 48 h; approximately 
1% of cells expressed НТІ/У-ПІ RNA before the introduction 
of tat-III (Fig. 4c), compared with 30%, including heavily label- 
led (71,000 grains per cell) multinucleated cells, 2 days after 
its introduction (Fig. 45). Thus, a single introduction of TAT-III 
protein appears insufficient to restore virus production to a 
genome devoid of tat-III coding sequences, but sufficient to 
boost virus production in a genome containing a functionally 
compromised tat-III gene. This discrepancy may reflect a short 
biological half-life of the TAT-III protein. The observation that 
tat-III is essential for HTLV-III replication parallels а report 
that tat-II (otherwise called the x or x-lor gene of HTLV-II) 
mediates trans-activation of viral genes and is essential for 
replication of HTLV-II”. These data support the notion that 
trans-activation control systems are fundamental to the biology 
of this newly identified group of retroviruses. In addition, as tat 
activity seems to be essential for virus production, the develop- 
ment of inhibitors that specifically block the activity of these 
trans-acting factors provides a new approach to the treatment 
of AIDS patients and individuals infected with HTLV-III. 
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наа To identify residues of TyrTS that interact with (RNA', we 
chose the following strategy: (1) We assumed that basic residues 

A model of 5) ithetase/transfer RNA of the synthetase could form salt bridges with the phosphates 
interaction as deduced of the tRNA backbone or hydrogen bonds with the nucleotide 
b rotein engineerin : bases. (2) Because the В. stearothermophilus and Escherichia coli 
ур pue g TyrTS have homologous sequences and similar properties ^, we 
Hugues Bedouelle* & Greg Winter considered mainly the conserved basic residues. (3) We changed 
the arginine and histidine residues to glutamine, and lysine to 

Laboratory of Molecular Biology, Medical Research Council, asparagine; such changes remove the charge but not the hvdro- 
Hills Road, Cambridge CB2 2QH, UK philic character of the residue. We therefore mutated 40 basic 


residues of the B. stearothermophilus TyrTS by oligonucleotide- 
directed mutagenesis of the encoding gene (tyrS) (see Fig. ! 
The recognition of transfer-RNA by their cognate aminoacyl- legend). 





tRNA synthetases is the crucial step in the translation of the To test the overall activity of the mutant synthetases, we 
genetic code. In order to construct a structural model of the devised an in vivo genetic complementation assay. In this assav, 
complex between the tyrosyl-CRNA synthetase (TyrTS) from Bacil- the B. stearothermophilus tyrS gene is carried by and expressed 
Ius stearothermophilus and tRNA™”, 40 basic residues at the sur- from a recombinant M13 phage’. The host is HB2111, an E. coli 
face of the TyrTS dimer have been mutated by site-directed strain which harbours a thermosensitive mutation in its own 
mutagenesis and heterodimers created ím vitro by recombining tyrS gene, which is an essential gene. The HB2111 cells can 


subunits derived from different mutants. As reported here a cluster grow at 42 °C, the non-permissive temperature, only if they are 
of basic residues (Arg 207-Lys 208) in the N-terminal domain of infected by a phage which directs the production of an active 
one TyrTS subunit interacts with the acceptor stem of tRNA™ B. stearothermophilus TyrTS. Most of the 40 mutant phages 
and two separated clusters of basic residues (Arg 368-Arg 371; could complement HB2111 and were therefore eliminated. 
Arg 407-Arg 408-Lys 410-Lys 411) in the C-terminal domain of However, 13 mutants were either unable to complement —K N82, 
the other subunit interact with the anticodon arm. The TyrTS RQ86, KN151, KN208, K N230, KN233, RQ368, RO407, KN410 
would thus clamp the tRNA in a fixed orientation. The precise and KN411—or did so weakly—RQ207, RQ371 and КО408 
alignment of the flexible ... ACCA 3' end of the tRNA for attack (Fig. 1). 


on the tyrosyl adenylate is made by contacts closer to the catalytic The 13 TyrTS mutants identified from the complementation 
groups of the enzyme, such as with Lys 151. assay and the wild-type TyrTS were purified from phage-infected 
TyrTS catalyses the aminoacylation of tRNAT"' in a two-stage cells. All the mutant enzymes were able to form enzyme-bound 


reaction. The tyrosine is first activated with ATP to form tyrosyl tyrosyl adenylate, albeit slowly for mutants RQ86 and KN233 
adenylate and pyrophosphate, then the adenylate is attacked by (half life, ү, = 8 and 27 min respectively, compared with 25 
the 3'-terminal ribose of the tRNA to form Tyr-tRNA™ and for the wild-type enzyme)*. The pyrophosphate exchange assay 
AMP. TyrTS is a dimer which shows ‘half-of-the-sites’ reactivity, showed that the mutant and wild-type enzymes had similar 
forming one tyrosyl adenylate and binding tightly one tyrosine activities (4.6s ! at 2 mM АТР, 50 uM Tyr and 2 mM pyrophos- 
and one tRNAT* per dimer in solution. The two subunits are phate) except for mutants KN82, RQ86, KN230 and KN233 
related by symmetry through a 2-fold axis. Each subunit has an («0.23 5!) (see Table 1). Thus, although these four mutants 

are able to form tyrosyl adenylate and are presumablv correctlv 
* Present address: UPMTG, Institut Pasteur, 28, Rue du Docteur Roux, 75724 Paris, Cedex folded, there is nevertheless a lesion in the activation step. 
15, France. Additional experiments are needed to determine whether the 





Table 1 Kinetic parameters for tRNA™ charging 


koat keal Км АС, 

Mutant (s! x 103) Ky, (uM) (s! M^! x 1073) (kcal mol!) Complementation 
Wild type 450 1.4 315 0 t 
KN151 3 1.2 2.3 2.9 - 
RQ207 ND 100 19.4 1.7 +/- 
KN208 ND >28 11.3 2.0 = 
RQ368 ND >100 2.4 2.9 ex 
RQ371 ND 100 17.1 1.7 +/- 
RQ407 ND 100 11.9 1.9 - 
К0408 ND 100 16.5 1.8 t/- 
KN410 ND 100 93 21 - 
KN411 ND >100 12.8 1.9 - 


å Gapp = -RTIn( Kai Кы) mur! (Keat/ Км) (mut, mutant; wt, wild type)!!. For genetic complementation assay, see Fig. 1 legend. ND, not 
determined. Purification of the wild-type and mutant enzymes from phage-infected cells’, active-site titration, pyrophosphate exchange and tRNA 
charging assays!! were done as described elsewhere. We obtained different values for the wild-type TyrTS with pure E. coli tRNA‘ (Boehringer 
1,000 pmol of tyrosine incorporation per Asọ unit) and crude E. coli tRNAs (Ky = 1.43 versus 2.57 pM and k,,,=0.45 versus 1.17 s^! ). The rate 
of charging by the wild-type enzyme gave a straight line in the Eadie- Hofstee plot (see ref. 12) only for pure tRNA™™ concentrations less than 
6 uM and was inhibited for higher values. We therefore used pure E. coli tRNA" for the mutant enzymes, in the range 0.375-6 pM. 
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Fig. 1 Stereo view of the TyrTS backbone with 
mutated side chains. Forty basic residues— 
lysine (K), arginine (R) or histidine (H)—were 
mutated to asparagine (N) or glutamine (Q). 
Twenty-seven mutants gave full growth (+) in 
the genetic complementation assay while 13 
mutants gave residual (+/—) or no growth (—): 
RQLO+, RQ56+, RQ57+, HQ63+, RQ64+, 
КМ82-, KN83+, RQ86—, RQ100+, KN102+, 


RQI37+, КМ№141+, НО142+, КМ151-, 
Е0157-, RQ207+/-, KN208-, KN210+, 
KA225+, KN230-, KN233-, KN245+, 
RQ265+, KN268+, RQ286+, KN291+, 
RQ292+, KN304+, HQ307+, KN367+, 
RQ368-, RQ371-/-, RQ385+, RQ398+, 
RQ402+, RQ407-, RQ408-/-, КМ410-, 


KNA411-, RQ417-, wild type+. The N-terminal 
domain (residues 1-319) is represented with 
bound tyrosyl adenylate. a, 22 residues that, 
when mutated, score as +; b, 7 residues that 
. Score as +/— or —. From bottom to top of the 
figure: R207, K208, K151, K82 and R86 on the 
left, K230 and 233 on the right. ` 
Methods. Primer design: In general, we used 
codons AAC for Asn and CAG for Gln. CAA 
was used in the mutants RQ64, RQ292 and 
RQ402 to improve discrimination during the 
screening of the mutants. In general, the 
oligonucleotides contained seven pairing 
residues on each side of the mismatched base(s) - 
and were 15- or 16-mers. The oligonucleotides for mutants RQ137 and KN268 contained an additional pairing residue on the 3' or 5' side of 
the mismatch, respectively, to provide a G-C pair at this end of the primer. The oligonucleotide for mutant KA225 had the sequence 5' TC 
CGC TGC CGT САС ААС 3; KA225 was constructed by P. Carter (unpublished). Oligonucleotide synthesis: The oligonucleotides were 
synthesized by Biosearch SAM1 DNA synthesizer using phosphotriester chemistry on a controlled-pore glass support, and were purified by 
either HPLC оп an ion-exchange resin (Partisil 10SAX) or gel electrophoresis using ethidium bromide staining’*. Mutagenesis technique: The 
mutagenesis was done on derivatives of the original Mi3mp93tyrS vector? that carry an ‘up’ mutation in the tyrS promoter (М. M. Y. Waye 
and G.W., in preparation) and, in some cases, an amber mutation in M13 gene ГУ!5, The technique used was “priming all the way round/sucrose 
gradient" for 9 mutants and “double priming with amber selection” for 31 mutants!^. The mutant phages were screened by hybridization with 
with the mutagenic oligonucleotides!^ followed by dideoxy sequencing using а family of synthetic primers!. Mutagenic oligonucleotides were 
also used as sequencing primers. Complementation assay: We constructed HB2111 (tyrS(Ts) recA srl ::tn10 argG thi lac/F'lac*) from the E. 
coli K-12 strain 565cN (ref. 17) and used it as host. About 10" cells of an exponential culture of HB2111, at 30 °С in complete medium, were 
spread оп а pre-warmed minimal glucose plate containing tetracycline (15 ше mI!) and arginine. Drops (10 wl) of the phage suspensions 
(—5x10!! plaque-forming units (PFU) mI !) were spotted onto the lawn and the plate was incubated at 42.5-43 °C. Colonies were scored 
after 48 h. The mutant HN45, which does not activate tyrosine!, and the truncated TyrTS? were both negative in the assay. 


Fig.2 Docking of tRNA and synthetase. The 
figure shows the backbone of the TyrTS dimer 
with tyrosyl adenylate bound to the right subunit 
and with the side chains of residues R207, K208, 
K151, K82, R86, K230 and K233 (for the iden- . 
tification of these residues, see Fig. 1 legend). 
Only the N-terminal domain (residues 1-319) of 
each subunit is represented. The structure of 
ОМАР"? is indicated by the van der Waals’ 
spheres of its phosphorous atoms. The flexible 
3'-terminus of the tRNA (...АССА 3') was 
docked up to the tyrosyl adenylate binding site 
and the 3'-terminal adenosine could be fitted into 
the active site so as to attack the tyrosyl adenylate 
at the scissile bond; however, several rotations 
of the phosphodiester backbone were required to 
avoid bad contacts. 








wild-type residues at these four positions also interact with the 
tRNA; in the crystallographic structure, they lie on the rim of 
the tyrosyl adenylate binding site (Fig. 1). 

Table 1 shows the kinetic results for the charging of tRNA 
by the nine mutants that exchange pyrophosphate at a normal 
rate. Eight of the nine mutant enzymes have altered Ky, values 
for tRNA in the aminoacylation reaction, which indicates that 
most of the contacts between the synthetase and the tRNA are 
involved in the initial complex formation. The KN151 mutant 
has a Ky for tRNA which is identical to that of the wild-type 
enzyme and а К... which is reduced by 150-fold; this indicates 
that the wild-type residue, Lys 151, is not involved in the initial 
binding between the synthetase and the tRNA and that TyrTS 


and tRNA™ may make an additional contact, involving Lys 151, 
in the transition state. . 
Previously, we have shown that it is possible to form and 
purify heterodimers between truncated (lacking residues 319- 
417) and full-length TyrTS enzymes by mixing the two parental 
homodimers in equimolar amounts, denaturing the mixture with: 
urea, then renaturing it by electrophoresis through a non- 
denaturing polyacrylamide gel. After renaturation, the two-re- 
folded homodimers and the heterodimer are roughly in the 
proportion 1:1:2, as theoretically expected. Detailed kinetic: 
studies of purified heterodimers carrying the Asn 45 mutation 
(which prevents tyrosine activation) in either the full-length or 
the truncated subunit, have shown that one tRNA molecule 
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Table 2 Charging activity of TyrTS heterodimers 





Aminoacylation rate 


(s! x 10) 

Mixture a b 
tr+KN82 270 59 
tr-- RQ86 277 4 
tr- KN151 196 2 
tr-- RQ207 304 29 
tr+KN208 328 25 
te+ KN230 297 6 
tr+KN233 250 9 
tr+RQ368 3 2 
tr+RQ371 32 22 
tr+RQ407 16 11 
tr+RQ408 31 23 
tr+KN410 14 11 
tr+KN411 20 13 
KN151+RQ368 162 4 





The truncated TyrTS (tr)? and each of the 13 mutants were mixed in 
equal molarities (according to active-site titration) before (a) or after 
(b) the denaturation/renaturation process. A similar experiment was 
performed with the KN151 and RQ368 mutants. The rates are calculated 
per input mole of one of the two parental homodimers; calculated in 
this way, they can reach 100% of the rate of the re-folded wild-type 
enzyme if there is random reassociation of the monomers. In case a, 
half of the monomers are theoretically engaged in heterodimer formation 
and therefore the contribution of the re-folded homodimers should be 
half the value in b. The rates for the re-folded truncated and wild-type 
enzymes were 0 and 421 X 10? 57! respectively. The rate of charging 
by the active TyrTS heterodimers (46-75% that of reconstituted wild- 
type enzyme) implies that the tRNA affects the formation or the hydroly- 
sis of tyrosyl adenylate. Each heterodimer has two potential sites for 
tyrosine activation and a single site for tRNA binding. However, due 
to half-of-the-sites reactivity, only one molecule df tyrosyl adenylate is 
formed per heterodimer. If tyrosyl adenylate is formed on the truncated 
subunit, it can be attacked by the tRNA (rate 0.45 s_'; see Table 1) and 
the enzyme can recycle, whereas if adenylate is formed on the other 
subunit, it cannot be transferred to the tRNA and also prevents further 
tyrosine activation at the truncated subunit. In the latter case, the enzyme 
is blocked until the tyrosyl adenylate hydrolyses (rate 0.45x 1072571; 
ref. 13). If tyrosyl adenylate could form at random at either subunit, 
the heterodimers would quickly be blocked (50% of the remaining active 
heterodimers each cycle). Thus, we suspect that either the tyrosyl adeny- 
late forms preferentially on the truncated subunit of the heterodimers 
(directed by the lie of the tRNA), or the binding of tRNA greatly 
stimulates hydrolysis of blocking tyrosyl adenylate. The experiments 
were done in 100mM Tris-HCl, 44 mM Tris pH 7.78, 10mM MgCl, 
10mM 2-mercaptoethanol and 0.1 мМ phenyl methyl sulphonyl 
fluoride. For denaturation, the starting solutions (20 1) were 10.4 yM 
in each enzyme; 1 pl bovine serum albumin (BSA, 20 mg ml^!) was 
added, then urea until saturation (~25 mg; volume 40 ul, urea 10 M, 
BSA 0.5 mg ml"! final concentration). For renaturation, the urea sol- 
utions were diluted using nine steps of 1 M each (15 min at room 
temperature for each step), keeping BSA at 0.5 mg mI !. Aliquots 
(2.25 Ш) of the mixtures were assayed in 100 pl of 10 mM Mg-ATP, 
20ҺМ "C-Tyr (514 mCi mmol !), 5 mg ml"! crude E. сой tRNA 
(380 pmol of tyrosine incorporation per mg). The presence of BSA 
during the denaturation/renaturation process was necessary to recover 
activity. 73% of the activity of the wild-type TyrTS could be recovered 
using stepwise dilution of urea whereas only 796 was recovered after a 
one-step dilution. The addition of urea to the tRNA charging assay 
resulted in a progressive increase of the rate (2.5-fold maximum at 
0.16 M urea). 


interacts with both TyrTS subunits?. These studies also show 
that the 3'-terminal adenosine of the tRNA attacks the tyrosyl 
adenylate in the truncated subunit of the heterodimer. 

Here, we have formed heterodimers between the truncated 
TyrTS and each of the 13 mutants described above by stepwise 
dilution of the urea. As controls, we also mixed the two parental 
homodimers after the denaturation/renaturation process. We 
assayed the final mixtures for charging of tRNA with !^C- 
tyrosine (Table 2). The seven mutants carrying a lesion in the 
N-terminal domain formed active heterodimers with the trun- 
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cated TyrTS. Similarly, an active heterodimer could be made 
between the mutant enzymes KN151 and RQ368. Thus, a func- 
tional tRNA interaction site can be reconstituted by assembling 
two inactive monomers, one of which has a wild-type N-terminal 
domain but lacks the C-terminal domain (or has a lesion therein) 
and the other having a mutated N-terminal domain but a wild- 
type C-terminal domain’. The results show that tRNA?” inter- 
acts with the residues Lys 151, Arg 207 and Lys 208 (which 
correspond to mutated residues) in the truncated subunit of the 
heterodimer and therefore, taking into account our previous 
results’, that it interacts with both tyrosyl adenylate and residues 
Lys 151, Arg 207 and Lys 208 in the same subunit of the dimer. 
The six mutants with a lesion in the C-terminal domain did not 
form active heterodimers with the truncated TyrTS; this result 
was expected because the C-terminal domain of TyrTS is 
necessary for tRNA charging’. 

In the active heterodimers, one of the constitutive monomers 
lacks the C-terminal domain. Therefore, in the wild-type TyrTS, 
only one of the two symmetrical copies of the C-terminal domain 
is essential for tRNA interaction. Similarly, only one of the two 
monomers has a wild-type N-terminal domain. Therefore, only 
one of the two symmetrical copies of residues Lys 151, Arg 207 
or Lys 208 is essential for interaction with tRNA. These results 
show that TyrTS can function with only one productive tRNA 
binding site per dimer. 

Model-building studies? indicate that (МАТ may fold into 
a structure which is similar to the known structure of yeast 
tRNA"'* (ref. 8). We have attempted a docking of TyrTS? with 
tRNA?" using the computer graphics program ЕКОО". The 
3-hydroxyl of «МАР? was held near the tyrosyl adenylate 
binding site and the tRNA rotated around this fixed point so 
that the acceptor arm interacted with the tyrosyl adenylate and 
with residues Lys 151, Arg 207 and Lys 208 on the same subunit. 
With the path of the tRNA fixed as above, we examined the 
interaction of the anticodon arm with the second (nonproduc- 
tive) subunit; this subunit interacts with the tRNA through its 
disordered C-terminal domain. In the crystailographic map, this 
domain may correspond to an island of electron density which 
is located in part on top of the a-helical domain and of the 
tyrosyl adenylate binding pocket. It is unlikely that the N- 
terminal domain of the nonproductive subunit makes important 
contacts to the tRNA through basic residues, as the heterodimers 
constructed between the truncated TyrTS and the non- 
complementing mutants at positions 82, 86, 151, 207, 208, 230 
and 233 were all active in tRNA charging (Table 2). The model 
in Fig. 2 was generated by a more careful docking of the acceptor 
stem with the productive subunit and suggests that the anticodon 
arm lies in the plane of the subunits, where it would be in close 
proximity to the crystallographic island of density mentioned 
above (Fig. 2). 

H.B. thanks the Royal Society and EMBO for long-term 
fellowships. 


Received 8 October 1985; accepted 17 January 1986. 


1. Fersht, A. К. et al Angew, Chem, 23, 467-473 (1984). 
2. Waye, M. M. Y., Winter, G., Wilkinson, A. J. & Fersht, А. R. EMBO J. 2, 1827-1829 (1983 
3. Winter, G., Koch, С. L. E., Hartley, В. S. & Barker, D. G. Eur. J. Biochem 132, 383-387 
(1983). 
4. Brown, R. S. et al Nucleic Acids Res. 5, 23-26 (1978). 
5. Winter, G., Fersht, А. R., Wilkinson, A. J., Zoller, М. & Smith, M. Nature 299, 756- 758 
(1982). 
6. Fersht, A. R, Mulvey, К. S. & Koch, С. L. E. Biochemistry 14, 13-18 (1975) 
7. Carter, P., Bedouelle, H. & Winter, С. Proc. natn. Acad. Sci, U.S.A. (in the press) 
8. Robertus, J. D. et al. Nature 250, 546-551 (1974). 
9. Bhat, T. N., Blow, D. M., Brick, P. & Nyborg, J. J. molec. Biol. 158, 699-709 (1982) 
10. Jones, T. A. in Computational Crystallography (ed. Sayre, D.) 303-310 (Clarendon, Oxford, 
1982). 
11. Wilkinson, A. J., Fersht, A. R., Blow, D. M. & Winter, G. Biochemistry 22, 3581-3586 ı 19831 
12. Fersht, A. R. Enzyme Structure and Mechanisms (Freeman, New York, 1985) 
13. Fersht, A. R. Biochemistry 14, 5-12 (1975). 
14. Carter, P., Bedouelle, H., Waye, M. M. Y. & Winter, G. Oligonucleotide Site-directed 
Mutagenesis in M13: an Experimental Manual (Anglian Biotechnology, Colchester, 19851 
15. Carter, P., Bedouelle, H. & Winter, G. Nucleic Acids Res. 13, 4431-4443 (1985) 
16. Wilkinson, A. J., Fersht, A. R., Blow, D. M., Carter, P. & Winter, G. Nature 307, 187-188 
(1984). 
17. Barker, D. G. Eur. J. Biochem. 125, 357-360 (1982). 








374. LETTERSTO N ATURE l NATURE VOL. 320 27 MARCH 1986 


Upstream activator sequences (kb) and ieri m upstream eds is itself transcriptionally 

е inactive, probably acting in cis with the downstream sequences to 

are present in the . produce a fully active promoter. Thus, an extended promoter 
promoters of nitrogen fixation genes structure is required for nif gene expression. 

Deletion of nucleotides —72 to —184 in the K. pneumoniae 

Martin Buck*, Stephen Miller, nifH promoter greatly reduces its transcriptional activation by 

Martin Drummond & Ray Dixon the nif-specific activator nifA (ref. 4), and relieves the inhibition 


of chromosomal nif gene expression? usually shown by multiple 
copies of the nifH promoter*. We have analysed in detail the 
role of upstream sequences in nifH, nifU and nifB promoter 
function. Figure 1a shows that upstream sequences are essential 
for the multicopy inhibitory effect of the nifH (pMB1, pSMM4) 
Nitrogen fixation (nif) genes in Klebsiella pneumoniae are control- and nifU (pMD1106, pSMM9) promoters (the nifB promoter 


AFRC Unit of Nitrogen Fixation, University of Sussex, 
Brighton BN1 9RQ, UK І 





led by а transcriptional activation mechanism which requires the clone shows no multicopy inhibition). The nifH promoter can 
ntrA gene product acting concert with either the ntrC or nifA be weakly activated by nírC (ref. 4), but we were unable to 
products (reviewed in ref. 1). The nif promoters lack the canonical detect ntrC activation of the nifU and nifB promoters. The 
—35, —10 promoter elements and instead their activation requires nifH, nifU and nifB promoters require upstream sequences for 
nucleotide sequences located around —24 and —12 (refs 2-4). We efficient nifA activation, but ntrC activation of the nifH pro- 
have now identified and characterized a further essential promoter moter is independent of the upstream element. Therefore, the 
sequence in the K. pneumoniae nifH, nifU, nifB and ORF pro- upstream element is required only for nifA activation, thereby 
moters, located more than 100 base pairs (bp) from the transcrip- indicating that the deletions do not disrupt a more general 
tion start site. This promoter element is required for nifA- but property of the promoter, for example secondary RNA poly- 
not ntrC-mediated activation and for the inhibition of chromo- merase binding sites. 

somal nif expression observed when cells harbour multiple copies ` Within sequences deleted from the nifH, nifU and nifB pro- 
of certain nif promoters“. The upstream sequence is conserved moters, we have identified а new nif consensus sequence that 
among 10 Rhizobium and 2 Azotobacter nif promoters. We show occurs upstream in K. pneumoniae, Rhizobium and Azotobacter 
that the positioning and orientation of the upstream sequence is nif promoters (Table 1). These sequences are delineated to 


not critical for promoter activity up to a distance of 2 kilobases within 8 bp at the 5' end and 4 bp at the 3' end by the deletion 


Table 1 Upstream sequences in nif promoters 







































































nifH Kp(16) GCAGGCGCAATTGTTCTGTTTCCCACATTTG 
= ІЗ Бе 
nifU Kp! CGTGTCGTTTCTGTGACAAAGCCCACAAAAC 
tt 15 
nifB Kp ACTGTGCCTTATGTGAGATTCAGGACATTTG 
IS z 
ORE Kp (16) TGGTGGCGCTTTGTCGCCTGTTCAACAGCTT 
fü т 
nifE Kp!- CCAGCGCGATAGGTCATAAAGCACACATGCC 
-119 
nifH Rm(7) ACTGTAGCCCTTGTCGGCTTAGCGACACGAG 
2. -122. "E 
nifH Rt(18) GTCGTCACCTTTGTCGGCTTCGTGACACGCT* 
nifH PR (9) GGTGTGGCCGTTGTTCGTTTTCTGACAGCCG 
ae -r Ж 
nifDK PR(@0) GCAAACGCCGATGTCGCCTTCGCAACAACAA 
теш т 
nifHa&b вр(01) CGCTTTGTCTGATCGGCGACATTAG* 
TS T 
nifH Rj (22) TTGCGATTGTTTGTTCGTTGTCTGACAGCCG 
” = m 
nifH Rj (22) CGGGCAGATCTTGTCAGATCCAAAACAGCCT 
H LED T 
nifDK RjO3) GCAAAGGCGAGTGTCGCATTCGCAACAACAG 
I$ T 
nifDK Cowpea R4) CCAAAGCGTGATGTCGGGTTCGCAACAAATC 
777 IRC78 T -113 » 
Rm Pj25) TCCGTCGCCTCTGTCGGCCCCTCGACACAAG 
T -130 
Rm P425) TTCGTCACCTTTGTCGGCTTAACCACACAAG 
nifH Ас.) GATGTAGGACATGTCGTGTAGCATACACAGA 
ui . -142 
nifH Av.(26) CATTGTTCGGTTGTAGCAATTACACACATGT* 
nifE Av. (27) GGACGCCTGCTTGTTGCAAACCTGA.CAG GA A* 
= қ у 
Consensus S н) тот м T № АСА 
Binding site consensus? TGTGT N6..10 ACACA 








L —————————————————— 

For comparison, the position of the invariant G of the TGT motif is given, with the C residue of the invariant G-C dinucleotide promoter element 
designated as —12. Abbreviations used: Kp, Klebsiella pneumoniae; Rm, Rhizobium meliloti; Rt, Rhizobium trifolii; PR, Parasponium rhizobium; Rj, 
Rhizobium japonicum; Rp, Rhizobium phaseoli, Ас., Azotobacter chroococcum; Av., Azotobacter vinelandii, The upstream sequence is absent from 
the K. pneumoniae nifL рготовегі9, The nifE promoter shows partial homology only. A potential upstream promoter element exists in the nifF 
promoter’®, but at position —263. The upstream element is present in two out of three Rhizobium phaseoli nifH promoter sequences’. The two 
potential upstream elements present in the Rhizobium japonicum nifH promoter sequence? are shown. The upstream consensus sequence is also 
found in all three Rhizobium trifolii repeated sequence copies described in ref. 28. Both Ac. nifH and Av. nifE promoters have а TGT-Nyo-ACA 
upstream sequence; the Av. nifH upstream sequence encodes a partially homologous element of the form TGT-Ns/,,-ACA. References are shown 
in parentheses. 

* Transcription start site has not been determined, but the promoter has been identified by homology with the nif consensus —24, —12 promoter 
sequences. ; 

+J. Beynon, V. Buchanan-Wollaston, M. C. Cannon and F. C. Cannon, in preparation. ł M.D., unpublished data. § R. A. Jones, P. Woodley 


and R. C. Robson, unpublished data. 
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end points in plasmids pSMM8 and pSMM9 (Figs 3 and 1a, 
respectively). The conserved sequence conforms to a consensus 
sequence for protein binding sites on DNA’ and could be a site 
at which nifA interacts with nif promoters. The DNA sequence 
of the nifA gene predicts a potential DNA binding domain in 
the C-terminal region of the nifA protein*. The upstream pro- 
moter elements identified by us may interact with the nifA 
protein at this domain. The proposed binding sites lie more than 
100 nucleotides from the transcription start (where this has been 
determined) and are characterized by an invariant TGT-Njo- 
ACA motif flanked by A+ T-rich sequences. 
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Multicopy inhibition is thought to result from activator titra- 
tion’. We reasoned that, as the upstream consensus conforms 
to a protein binding site, and as a point mutation in the nifH 
promoter (G> Т-136)24 within this sequence relieves multicopy 
inhibition, nifA might bind to the upstream sequence. However, 
when we assessed the ability of the nifH upstream sequence 
alone to cause multicopy inhibition (Fig. 15), no inhibition was 
detected, eve: when the upstream element was cloned into the 
very high copy number pEMBLS8* plasmid. Furthermore, no 
inhibition was detected from subclones of the nifH promoter 
which retained only the downstream nif consensus promoter 


Promoter Activity (8-galoctosidase U) 


a . CoH, reduction NifA Activation In UNF931 ntre Activation in UNF926 
-226 -63 -82 B (percent of control) “NH,” мац“ EM мц“ 
5 1136 4 -28 -12 lacZ” 
рМВ! pnitH 1 22,000 27 1050 24 


B 


-82 -26- 
mo E. Lom ENS 100 700 8 870 20 


-% P 
N 
-n6 -96 -12 ; 
pMD1106 i a е 70 Е prtu 6 15,700 450 350 450 
P 
-% -28 - 
ммм LL TÉ ama ity 100 1,300 360 290 520 
-122 5 
-143 -26 -12 5 
р5ММ121 RE 80 245 6 <1 51 
Р 
-122 -2-12 А , . 
pSMM!161 Apne 109 4 1 1 
b pnifH FRAGMENTS VECTOR CpHo REDUCTION 
f (percent of control ) 
ў B 
s dde. f -26 -12 
pMB1 ЕН Жент: ЖБ eee ae oe —— pMc 1403 1 
-226 -136 -82 
p SMM! —— MC 1403 100 
pSMM3 ——pEMBL8 100 
-136 -26 -18 
р5ММ10 Lo Ph | Bj . ——pMC1403 87 


B 
-82 -25 -12 oc 
p9MM6G Ja ——_pEMBL8 94 


Fig. 1' a, Influence of upstream deletions on the activities of the nifH, nifU and. nifB promoters. Each promoter clone (pnif) and the upstream 
deleted derivative (Apnif) was assayed for its multicopy inhibitory effect on chromosomal nif expression by measuring the acetylene reduction 
activity of K. pneumoniae UNF931 (nir*nif *)? carrying рпі and Apnif. These data are expressed as a percentage of the acetylene reduction 
activity of UNF931 carrying the promoter cloning vehicle, pMC1403, Transcriptional activation of pnif and Apnif by nifA was assayed in 
UNF931 and activation by ntrC in UNF926 (ntr* Ahis- nif) as described previously*. The activators nifA and ntrC are functionally related 
proteins and бап substitute for one another in the activation of a number of ntr-regulated promoters‘. Activation data are given as units of 
B: -galactosidase. Open boxes at —136, —116 and —143 indicate the position of a conserved upstream sequence (see Table 1). The low level.of 
activator-independent constitutive expression from the nifU promoter clones may be attributed to the sequence 5-ААТАСА-М,6-АТТААТ 
behaving as a typical prokaryotic promoter of the —10, —35 form”. Relevant restriction sites shown are: B, BamHI; Bg, Вей; E, EcoRI; F, 
FnuDil; N, Nrul; P, PstI. b, Multicopy inhibition from subclones of the nifH promoter. 

Methods: a, Plasmids: nif-lacZ translational fusions were constructed in the expression vector pMC1403 (ref. 30) or its derivative pMD1405 
(ref. 4). The nifH -lacZ fusion plasmid pMB1 has beén described previously*. Plasmid pSMM4 was constructed by cloning the downstream 
FnuDII- BamHI fragment from рМВІ into Smal-BamHI-digested pMC1043. Plasmids pMD1 106 and pGS1103 are nifU and nifB translational 
fusions constructed in pMD1045. Deletion of the upstream sequence from the nifU promoter was achieved by isolating the shortened promoter 
as a Nrul- Pst] fragment and ligating this into Smal- PstI-digested pMD1106 (to retain the reading frame) to yield plasmid pSMM9. Plasmids 
pSMM121 and pSMM161, which carry the complete and upstream deleted nifB promoter respectively, were constructed by isolating the nifB 
promoter as an EcoRI-PstI fragment from pGS1103, digesting this with EcoRV or Bgil, ligating into Smal-Pstl-digested pMD1405, treating 
with T4 DNA polymerase and religating. b, Assays were performed as for a. Plasmid pSMM1 was constructed by subcloning the FauDII 
restriction fragment carrying the upstream sequence of the nifH promoter into Smal-digested pMC1403. The upstream sequence was also 
cloned into pEMBL8* as an EcoRI- BamHI fragment from pSMM1, as was the downstream sequence from pSMM,4, to yield plasmids pSMM3 
and pSMM6, respectively. Sequencing single-stranded template derived from pSMM3 showed that the upstream sequence in pSMM1 was in 
the same orientation as in pMB1. Plasmid pSMM10 was constructed by restricting the nifH EcoRI-BamHI promoter fragment from pMB3 
with RsaI and ligating this material into EcoRI-.Smal-digested pMC1403. (Plasmid pMB3 carries a silent point mutation at —18 which creates 

an Rsal restriction site*.) 
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Table2 Activities of nifL and nifL-nifH hybrid promoters 








Plasmid.in trans 





Upstream sequerice and 


Plasmid ofeintation None 
pRD531 лї, 50 
рЕ0535 "Ап, , 70 
pSMM535 ORF + nifH 10 
pSMM536 nif + ORF a 


pMM14 


pMC71A i 
(nifA^) (ntrC^) Acetylene reduction 
Activity (B-galactosidase units) (96) 

2,200 2,900 = 

430 340 100 
2,600 26 50 
1,300 130 37 





Activation of riifL and nifH -nifL hybrid promoters by nifA and ntrC plásmids. Cultures were grown and assayed as described previously": The 


strain background for activation assays was Escherichia coli ET8894 (A( 
pMC7IA provide ntrC and nifA in trans constitutively. Multicopy inhibi 


rha-ntrC)1703rbs gyrA hütC lacZ ::1$1 Mucts62). Plasmids рММ14 and 
ition was assayed іп K. pneumoniae UNF931 (ref. 4). 





Table 3 





Influence of spacing and orientation of upstream sequences on activation 





Position of Element and orientation Activity С.Н, reduction 
Plasmid upstream elements (turns of helix) (96 pMBI) (96 control) 
pMB43 -102 | "H+ORF (32) 44 75 
pMB42 -103 ORF+H, (3.14) 105 48 
pSMM48 -124 _ H (1.14) 50 8 
pMB1 (wild type) -136 ORF-H (0) - 100 1 
pSMM8 —136 В (0) 79 0.3 
pSMMIS ~155 . СНЖОКЕ (1.81) 55 5 
pSMM14 ~156 RF+H (1.9) 46 1 
pSMM47 ~156 us H (1.9) 56 3 
pSMM142 ~168 ORF+H : (3.04) 145 10 
pSMM143 —190 ORF-H (5.14) 51 70 
pSMM144 —196 ОКЕ+Н (5.71) 34 70 
pSMM146 ~200 ‘ORF+H (6.1) 27 68 
pJMW31 —208 ‘ORF+H (6.9) 34 100 
pSMM141 —1,350 ORF+H Em 12 100 
pJMW3 —2,150 ОКЕ+Н — 10 100 
pSMM4 — — E 3 100 





See Fig. 3 legend. 


sequence (Fig. 1b), indicating that the upstream element acts in 
cis with sequences at —24 and —12. Evidence for this, comes 
from the finding that when cloned as an EcoRi fragment. from 
pSMM!13 into pACYC184, and present in trans to the upstream 
deleted plasmid pSMM4, there is no increase in the level of 
expression or multicopy inhibition from pSMM4 (data not 
shown). Transcriptional activity of the nifH upstream sequence 
was assessed by cloning it as an EcoRI- BamHI fragrhent from 
pSMM1 into the trancriptional fusion vector. pJEL126. Assays 
in UNF931 (+NH,) demonstrated that the nifH upstrearn ele- 
ment was transcriptionally i inactive in the direction of nifH (data 
not shown). Therefore, all nifH transcription is initiated down- 


„6 


-25 

pRD535 Conn qq 

-120 S 

H E 26 2 2. 
pSMM535 -pa F H 

ORF -19 А 

ORF E -26 -12 à 

р5ММ536 рр —À- 2—3 pORF+L 


H 
Fig.2 Cohstruction of hybrid nifH-nifL promoters. The 
upstream element from the nifH promoter clone рМВІ, which 
carries both nifH and ORF upstream sequences, was cloned from 
pSMM 13 (see Fig. 3 legend) as an EcoRI restriction fragment into 
EcoRI-linearized pRD535. Plasmid pSMMS35 carries the nifH 
upstream sequence proximal to pnifL, pSMM536 carries the ORF 
upstream sequence proximal to pnifL. The position ofthe G residue 
of the ТОТ motif is given for plasmids pSMM535 and p5MM536. 


stream and the upstream element cannot act as an independent 
promotér, but must act with the downstream consensus promoter 
sequences at —24 and —12 to facilitate multicopy inhibition and 
efficient transcription. 

Upstream sequences are necessary for full expression of the 
nifL promoter but, unlike the nifH promoter, these sequences 
show no specificity towards ntrC versus nifA activation’. Con- 
sistent with this is the finding that the nifL promoter lacks 
sequences shown in Table 1. To examine the nifA-specific 
character of the upstream element, a hybrid promoter was con- 
structed carrying the nifL downstream elements and upstream 
sequences from the nifH promoter (Fig. 2). Other constructs 
(see below) had demonstrated that the spacing was not critical 
for activation. Results (Table 2) show that the nifH. upstream 
sequence restored efficient nifA activation to a nifL- lac promoter 
(pRD535) lacking nifL upstream sequences’? . Although nifA 
activation was enhanced, АС activation remained low, 
confirming the nifA- -specific character of the upstream element. 
The hybrid promoters (р8ММ535 and 536) inhibited acetylene 
reduction in UNF931, consistent with the observation that the 
upstream element is required in the nifH and nifU promoters 
for multicopy inhibition and acts in cis (Fig. 1). І 

We constructed several inutant derivatives of the hifH pro- 
moter in which.the spacing between the upstream and down- 
stream elemerits ‘was altered (Fig. 3, Table 3). The wild- -type 
nifH promoter carries an upstream element believed to be associ- 
ated with the ORF promoter (Fig.3, Table 1). Starting with 
plasmid pSMM8, which lacks the ORF upstream element, we 
examined both the influerice of the ORF upstream element and 
the orientation of the nifH upstream element on expression 
(Fig. 3), and found (Table 3) that: (1) the ORF sequence is not 
required for nifH promoter expression (plasmids pSMMS, 
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с, reduction nIfA Activation in UNF931 ntrC Activation in UNF926 


(percent of control) (percent of pMBl) =н“ *NH, 
100 3 870 20 
1.2 46 650 24 


Bg ORF -26 -12 
ses Е e r i m 4,5 55 510 26 


H 


B 10 -26 -12 қ 
sm ES. 1 imp os 79 790 2i 


Fig. З Influence of spacer mutations and the ORF upstream sequence on nifH promoter activity (see also Table 3). Assays of activity were 
performed as for Fig. 1a, with nifA activation data being presented as a percentage of the рМВ1 activity. Data from the upstream nifH 
promoter deletion plasmid pSMM4 (ApnifH) are included for comparison. The position of the G residue of the TGT motif is indicated, and 
the number of turns of the helix by which this is displaced from the wild-type position at —136 is given. Plasmids pSMM14 and pSMMI15 
were constructed by first cloning the upstream sequence from pSMM1 into pEMBLS* опа PstI- BamHI fragment to yield pSMM 13, recovering 
the upstream element as an EcoRI restriction fragment and ligating this in both orientations into pSMM4 linearized using EcoRI. The additional 
DNA gained from these cloning steps is shown. The ORF upstream sequence was deleted from pMBI by treating the Ве fragment carrying 
the nifH promoter (and part of lacZ) with T4 DNA polymerase, cutting with BamHI and ligating into $ma1- BamHI-digested pMC 1403 to 
yield pSMM8. To obtain the nifH upstream sequence on an EcoRI fragment in the absence of the ORF upstream element, the EcoRI- FnuDII 
fragment carrying only the nifH upstream sequence was subcloned from pSMMS into EcoRI-Smal-digested pMC1403 to yield pSMM81. 
The nifH upstream sequence was then subcloned from PSMM8] as а PstI- BamHI fragment into pEMBLS* to yield pSMM82, permitting its 
isolation as an EcoRI fragment which was then ligated in both orientations into EcoRI-linearized pSMMA to yield plasmids pSMM47 and 
р5ММ48. To increase the spacing between upstream and downstream elements, the kanamycin resistance gene from pACYC177, flanked by 
an inverted repeat of cloning nests from pEMBL18 (M.D., unpublished), was cloned as a НіпеП fragment into the Smal site of pSMM1A to 
yield pSMM41. Subsequent deletion of the kanamycin resistance gene by restriction with Xba-1, Sma-1.or Asp-718 yielded plasmids pSMM142, 
pSMM143 and pSMM144, respectively. Filling in the Asp-718 site in pSMM144 using Klenow polymerase yielded pSMM146. Cloning the 0 
insertion element?! as a Smal fragment from pHB34Q into the Smal site of pSMM14 yielded pJMW3, and subsequent deletion of the insertion 
element using the HindIII sites yielded р/МУУ31. Plasmids рМВ42 and pMB43 were obtained by cloning the EcoRI fragment carrying the 
upstream sequences from pSMM13 into pMB41. Plasmid рМВ41 is deleted for nucléotides through to position —27 and carries a silent T to 
C transition at —27, being derived from pMBA (ref. 4). For all upstream spacer mutants, equivalent derivatives of psMM4 were constructed, 
thus carrying the packing sequences but no upstream elements. In all cases, derepression assays of these control plasmids in UNF931 produced 
400-600 units of B-galactosidase activity. 


pSMM47 and pSMM48), (2) the upstream element can activate 
transcription even when placed 2 kb away from the downstream 
promoter elements, but has an optimal position around position 
—136 and (3) when thé orientation of the nifH upstream element 
is reversed, it is still active (plasmids pSMM8, pSMM47 and 
PSMMAS). In the last case, the sequence of the element is 
5-ССАААТСТСССАААСАСААСААТТОССС, retaining 
only those underlined sequences in common with the element 
in its usual orientation (Table 1). Nucleotides —28 to.—80 of 
the nifH promoter are absent from plasmids pMB42 and pMB43, 
demonstrating that most nucleotides between the upstream and 
downstream elements are not essential for activation. Multicopy 
inhibition assays (Table 3) indicate that this parameter of nifH 
promoter activity is more sensitive to changes in the spatial 
relationship between upstream and downstream elements than 
is activation.’ However, the variability associated with the multi- 
copy inhibition assay prevents us from determining whether a 
low level of inhibition can be attributed to plasmids pSMM141, 
pJMW3 and pJMW31. i 

We have suggested that the upstream promoter element is a 
site at which nifA interacts to promote transcription. For several 
positively controlled promoters, the proximity of activator and 
RNA polymerase binding sites suggests that transcriptional 
activators can interact directly with RNA polymerase!!, Because 
of the greater distance over which the upstream element can act 
(Fig. 3), such an interaction seems unlikely in the case of nif 
promoters. Rather, we suggest that if a nifA-polymerase interac- 
tion is necessary for activation, it could occur either through a 
tertiary interaction facilitated by a folding in the DNA structure 
(rather than as a linéar protein arrangement), as has been 
proposed for araC- and galR-mediated repression!^P, or 
through nifA interacting with the upstream sequence and then 
sliding along the DNA towards proteins located at the down- 
stream sequences. The folding model may require that the faces 
of the helix containing upstream and downstream sequences 


bear a strict spatial relationship to each other in order that 
proteins interacting with these sequences make contact correctly. 
However, it is not possible at present to distinguish rigorously 
between the various mechanistic possibilities. 

` The upstream sequence seems to reflect a specialization among 
certain nif promoters, not restricted to K. pneumoniae, permit- 
ting efficient activation by regulatory proteins functionally 
homologous to nifA. Recently, Better et al!^ observed that 
upstream sequences were required for maximal activation of 
the Rhizobium meliloti nif HDK promoter by the K. pneumoniae 
nifA gene product. The promoter-down phenotype of these 
upstream deletions!^ could be attributed to the loss of the R. 
meliloti upstream promoter element (Table 1). A similar require- 
ment for upstream sequences has been found in the expression 
of the Rhizobium japonicum nifH and nifD promoters (A. 
Alvarez-Morales and H. Hennecke, personal communication). 
It is interesting to note the similarities between the properties 
of the upstream DNA sequence required for activation and 
those of eukaryotic enhancer sequences, in particular the ability 
to function over a considerable distance and the independence 
of orientation". : 
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pJMW31, M. Merrick for useful discussions, and J. R. Postgate 
for his critical reading of the manuscript. 
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B-Lactam antibiotics—the penicillins, cephalosporins and related 
compounds—act by inhibiting enzymes that catalyse the final 
stages of the synthesis of bacterial cell walls!?. Recent crystallo- 
graphic studies of representative enzymes^* are beginning to reveal 
the structural bases of antibiotic specificity and mechanism of 
action, while intensive efforts are being made to understand the 
B-lactamase enzymes that:are largely responsible for bacterial 
resistance to these antibiotics? *..It has been suggested that the 
fi-lactamases and fj-lactam target enzymes may be evolutionarily 
related? and some similarity of ‘amino-acid Sequence around a 
common active-site serine residue supports this idea!?. We present 
here the first evidence from a comparison of three-dimensional 
structures in support of this hypothesis: the structure of Й- 
lactamase I from Bacillus cereus?! is similar to that of the penicil- 
lin-sensitive D-alanyl-D-alanine carboxypeptidase-transpeptidase 
from Streptomyces В613, 

B-Lactamase I (ЕС 3.5.2. 6) from B. cereus 569 is a member 
of class A, according to the classification of 8-lactamases on 
the basis of amino-acid sequence’? 13 It was isolated and purified 
following Baldwin et al.\* and crystals were grown by a vapour- 
diffusion technique; although small, they diffract to high reso- 
lution'^. They have unit-cell dimensions а-143.0, Б —35.8, 
с= 51.2 А; В =97.8°. The space group is C2, with one molecule 
of B-lactamase I per asymmetric unit and about 50% by volume 
liquid of crystallization. Electron-density maps of the- -erystal 
structure have been obtained at 6 À and at higher resolutions 
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up to 2.5 A by the method of multiple isomorphous replacement 
combined with the use of anomalous scattering (MIRAS). Thiee 
useful heavy-atom derivatives were obtained by soaking the 
crystals in solutions of K,Pt(C,0,),, Sm(CH,;COO), and 
СН;НЕСІ. X-ray diffraction data were collected photograplii- 
cally and, because of the very small size of the crystals, mainly 
by the use of synchrotron radiation at LURE, France, and at 
the Synchrotron Radiation Laboratory of the Science and 
Engineering Research Council, Daresbury. The position of the 
heavy atom in the Pt derivative was readily derived from isomor- 
phous and anomalous difference Patterson maps and the lieavy- 
atom positions in the other derivatives were obtained. from 
difference-Fourier maps based on Pt phases. The FHLE [Fa 
(lower estimate)] and phase-refinement methods! were used to 
refine the heavy-atom parameters, giving the values at 2. 5 А 
resolution shown in Table 1. The mean figure of merit' at 6À 
resolution was 0.86 and that at 2.5 À resolution, 0.66. 

At low resolution, the boundary of the protein molecule is 
clear and the protein density includes the rod-like features 
characteristic of a-helices (Fig. 1). At2.5 A resolution, however, 
the electron density is disappointing, with relatively poor con- 
trast. This is because the derivatives are not ideally isomorphous 
and is reminiscent of the difficulties encountered in studies of 
other S-lactamases?^. Taken together, our results prompt con- 
sideration of the suggestion that B-lactamases have variable 
conformations”. However, the map at high resolution was much 
improved by use of the Wang method of density modification”, 
applied to the MIR phases, which clarified much of the helical 
density and density corresponding to a B-pleated sheet, and this 
modified map provided a satisfactory basis for determination 
of the structure through the iterative process of map interpreta- 
tion, restrained-least-squares refinement", phase calculation 
and map recalculation based on combined MIRAS arid calcu- 
lated phases???', The initial model, after least-squares refine- 
ment, gave a-reliability index of 0.37 and this was reduced to 
0.31 in one cycle of the iterative procedure. Figure 2 shows the 
five-stranded B-pleated sheet in the resultant combined-phase 
map. At this stage, the elements of secondary structure in the 
molecule are clearly defined, although the connections between 
them have not all been firmly established. ` 

The overall dimensions of the molecule, excluding some exter- 
nal loops connecting secondary structures, are approximately 
33x38x49 A. Figure 1а shows the arrangement of a-helices 
and B-pleated sheet in the molecule; it may be described as а 
five-stranded f-pleated sheet with a group of three a-helices 
on one side of it and five helices on the other. At this stage the 
molecule does not appear to consist of separate domains of the 
distinctness: observed, for example, in phosphoglycerate 
kinase”, but regions of different structural types, both о and 
a/ В, are pyesent. Е 

This arrangement of secondary-structure elements in В- 
lactamase I shows а striking resemblance to the structure of the 
penicillin-sensitive  D-Ala-D-Ala carboxypeptidase-transpep- 
tidase from Streptomyces R61? (hereafter referred to as R61- 
CPase). Figure 1b shows the positions of helices and B- pleated 
sheet їп this enzyme, derived from Kelly et al.” by the method 
of Rossmann and Argos”*, superimposed on the corresponding 
region of the low-resolution map of -lactamase I. “Тһе arrange- 
ment of helices and sheet is clearly similar to that observed in 
the part of B-lactamase 1 shown as a heayy line in Fig.. 1a and 
repeated, superimposed on the low-resolution electron density, 
in Fig. 1c. Helices A, B, C, D and H of the R61-CPase corresporid 
well with helices in B- -lactamase I. Furthermore; the’ general 
position of the 8-pleated sheet is the same in the two molecules, 
although the sheet seems to be more extensive in B-lactamase 
I and there is a difference in the orientation of the strands of 
about 25° relative to the common helices. Three a-helical regions 
of-the 8-Iactamase I do not have helical counterparts in the 
R61-CPase structure, and these lie above the section of electron 
density shown in Fig. 1c and are shown as a faint line in Fig. 1a. 
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Fig. Í a, The secondary-structure 
elements of B-lactamase I derived 
from analysis at 2.5 À resolution. 
Those shown in faint line do not cor- 
respond to features in R61-CPase. b, 
A stereo view of part of the electron 
density in the 6-À MIRAS map of 
B-lactamase I with secondary struc- 
ture elements of the D-Ala-p-Ala car- 
boxypeptidase-transpeptidase from 
Streptomyces R61” superimposed. 
The labelling of the helices is taken 
from ref. 3; in this more recent model 
of the structure, the position of helix 
G is slightly altered (together with 
the connections between the secon- 
dary structures, which are not con- 
sidered here), but it is clear that there 
is no electron density in the map of 
B-lactamase I which corresponds to 
helices E, F and G of the R61-CPase. 
с, The electron density of b with ап 
a-carbon atom trace of the structure 
of B-lactamase I derived at high reso- 
lution superimposed. Five of the 
eight a-helical segments can be seen 
in this section of the map and model, 
together with the five-stranded g- 
pleated sheet. 


More detailed comparisons must await a complete interpreta- 
tion of the 8-lactamase map and refinement of both structures, 
but it is already apparent that there is no density in B-lactamase 
I corresponding to helices E, F and G in the R61-CPase. This 
is in accord with the prediction of Kelly et al?, made on the 
assumption of sequence homology between the two molecules 
in the N-terminal region and the difference between their relative 
molecular masses, that 8-lactamases of class A would lack a 
part of the carboxy-terminal domain of the R61-CPase. Interest- 
ingly, however, helix H, the carboxy-terminal helix of the R61- 
CPase, has a counterpart in -lactamase I. 

This discovery that a B-lactamase enzyme of class А and 
a penicillin-sensitive D-Ala-D-Ala carboxypeptidase-transpep- 
tidase enzyme share an extensive region of common tertiary 
structure suggests very strongly that these two groups of enzymes 
have evolved by divergence from a common ancestor. This 
idea was suggested earlier by the weak but significant similarity 
between sequences surrounding the active-site serine residues 
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of the class А B-lactamases and two p-alanyl carboxypeptidases 
from Bacillus species’, and also the amino-terminal regions of 
penicillin-binding proteins from Escherichia coli?. Apart from 
the fact that the R61-CPase is also a serine enzyme, however, 
the incomplete sequence data available appear to show no 
resemblance with the class А B-lactamases'. The tertiary struc- 
tural relationship reported here may therefore provide an 
example of the persistence of similarities between three- 
dimensional structures when the similarity between primary 
structures has disappeared”, 

R61-CPase shares some characteristics with the class C B- 
lactamases, which again are serine enzymes”: for example, with 
respect to the relative rates of acylation and deacylation at the 
active serine residues. Whereas for B-lactamase I, both acylation 
by benzylpenicillin and deacylation are rapid, for R61-CPase 
acylation is more than a million times faster than deacylation? 
and the acyl enzyme accumulates, as its does for a class C 
B-lactamase*®. The relative molecular mass of R61-CPase is 
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See 


Table 1 Refined heavy-atom parameters of the three derivatives for the final 2.5 A-resolution phase calculation 





Scale factor Relative occupancy X Y Z B Ry 
Ptb 1.0249 1.8608 0.1800 0.0000 0.2915 10.67 0.07 
Ptc 1.0249 1.8559 0.1807 —0.0052 0.2914 3.78 0.08 
Sm104 1.0319 0.9832 0.4977 0.3551 ~0.0312 62.36 0.16 
Sm105 1.0232 0.7653 0.4984 0.3570 ^ 0.0189 1.0f 0.19 
Sm108 1.0178 1.3591 0.4992 0.3637 0.0194 122.29 0.12 
Hg1 1.0270 1.3024 0.1777 0.0122 0.2882 21.79 0.13 
Hg2 -- 1.2987 0.1662 0.1443 0.4977 82.46 — 
Hg3 -- 0.4590 0.2315 0.1689 0.7361 55.41 -- 
Hg4 -- 0.2778 0.2468 0.1879 0.8604 6.67 - 


Overall mean figure of merit, 0.66. 


к= у | Fou(obs.) a Fenceac)l/ LA PH(obs.) 


where Рън оьз) and Forcaic.) are, respectively, the observed and calculated heavy-atom derivative structure factor amplitudes!®, Ptb, Pto, single-site 
derivative; two crystals, b* and a* axis data. Sm104, 105, 108, single-site derivative; three crystals, b* axis data. Hgl-4, four-site derivative; one 


crystal, b* axis data. 
t Temperature factor fixed. 


38,000 and in this resepct also it is more similar to a class C 
(39,600) than to class А (29,000) B-lactamase. Furthermore, 
there is some similarity between the sequences immediately 
adjacent to the active-site serines of R61-CPase and class C 
B-lactamases?), as well as between а region beyond the active 
serine of a class C 8-lactamase and the putative corresponding 
regions in РВР5 of E. coli and the membrane-bound CPase of 
Bacillus subtilis?. There is reason to suspect, therefore, that the 
CPases and class С B-lactamases һауе a common evolutionary 
origin, although additional structural data are clearly needed to 
establish the relationship". However, no sequence similarity has 
been detected between the class A and class C P-lactamases 
andit has been concluded, therefore, that they evolved indepen- 
dently*. This conclusion must now be questioned. If the CPases 
are indeed homologous with the class C B-lactamases and if, 
as appears from the result reported here, they are also 
homologous with the class A B-lactamases, then the CPases, 
the class A and the class C 6-lactamases must all have a common 
evolutionary origin. Consequently, the class С #-lactamases 
may be expected to share some or all of the tertiary structural 
features that we have found to be common to the class A 
B-lactamase I and the R61-CPase enzymes. 





Fig.2 Part of the electron-density map of £-lactamase I at 2.5 А 
resolution after preliminary refinement. Five strands of -pleated 
sheet are shown. 


Finally, we note that we may shortly be able to compare the 
zinc-dependent B-lactamase П from B. cereus?, the structure 
of which is being determined in this laboratory, with the zinc- 
dependent CPase from Streptomyces albus G (ref. 4). There is 
no sequence similarity between the two enzymes and the latter 
is only weakly sensitive to 8-lactams, but the relationship sug- 
gested here between the serine-dependent fi-lactamases and 
penicillin-sensitive enzymes prompts the thought that the zinc- 
dependent enzymes may also exhibit a family relationship. 
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Estimation of scrapie nucleic 
acid MW from standard 
curves for virus sensitivity 

to ionizing radiation 


IN an unusually rancorous communica- 
tion to this forum!, Alper protests Fig. 4 
of my letter? in which I constructed stan- 
dard curves for the inactivation of single- 
stranded (ss) or double-stranded (ds) 
viruses by ionizing radiation versus their 
nucleic acid molecular weights (M Ws). 
Extrapolation of either line to the inactiva- 
tion rate constant (D7) of the scrapie virus 
gave virus-like values for the scrapie 
genome. This is in sharp contrast to values 
of 150,000 daltons or less calculated from 
the ‘target theory’ by Alper’ and others?. 
In defending her target calculation’, 
Alper denounces my use of previous 
reviews (as a source of data for construct- 
ing these curves, incorrectly), asserting 
that "some of the references are wrong" 
and that few of the references were 
checked. She gives the following four 
examples: 
Yellow fever virus (ҮЕҰ). Alper: 
"Molecular weight too low, about one- 
tenth of what we took from our indepen- 
dent source. Rohwer's source makes no 
mention of the MW of this virus." The 
YFV RNA has been sequenced and has a 
MW of 3.7 x 105 daltons*, in good agree- 
ment with the value plotted in Fig. 4, 3.5 x 
10$ daltons (as given by) my source? (on 
page 18). The “independent source” pre- 
ferred by Alper is an ultrastructural study 
of intact YFV virions. Her value was 
apparently estimated from the virion core 
diameter. 
Vaccinia. Alper: “D3; incorrectly quoted 
by Rohwer from K & M [Kaplan and 
Moses] who cited McCrea incorrectly.” 
Kaplan and Moses’ give a range of values 
for vaccinia obtained from multiple deter- 
minations by McCrea® and Wilson’, both 
of whom they cite. I plotted the mean of 
the range. Alper ignores Wilson’, selects 
the single value from McCrea? most 
favourable to her argument, which is also 
the only determination that appears to 
have been made under vacuum, and then 
objects to the use of vacuum. 
Shope papilloma. Alper: “D5, plotted as 
too high to fit the Lea theory. K & M’s 
source is Syverton et al., who gave the dose 
for ‘total inactivation’—an unknown 
multiple of the inactivation dose...”. 
Indeed Syverton et аі! summarize their 
data in terms of total inactivation rather 
than inactivation rate constant. However, 
the rate constant is easily calculated from 
the data in experiments II-IV and this is 
the value cited by K & M and plotted in 
Fig. 4. The identical value was obtained 
by Lea et al"! in their analysis of the 
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MATTERS ARISING 


completely independent measurements of 
Friedewald and Anderson??, 

Newcastle disease virus (NDV). Alper: 
“Inactivation dose too low... Rubin and 
Temin...irradiated the virus in sus- 
pension." NDV has also been irradiated 
dry", giving a rate constant even smaller 
than that plotted in Fig. 4. Most inves- 
tigators, aware that viruses tolerate drying 
poorly, suspend viruses in broth, serum or 
tissue homogenates, either wet or frozen, 
to protect against indirect effects, and for 
this reason most of the available data have 
been obtained in suspension. While Alper 
insists that viruses be irradiated dry, she 
invokes this argument to discard only the 
particularly inconvenient NDV point from 
Fig. 4. If we apply her criteria consistently 
and consider only the five viruses irradi- 
ated dry in Fig. 4 (three from her own 
laboratory), both the line for the ss viruses 
and that for the ds viruses closely parallel 
the original regression lines in Fig. 4 pre- 
dicting ds scrapie genome of MW 2.0 x 10° 
daltons or a ss genome of 0.86 x 10$ dal- 
tons. These results are consistent with a 
larger study to be published separately 
(manuscript in preparation), in which 
each state, liquid, frozen and dry, was 
considered separately. 

Using tbese four highly contrived 
‘examples’, Alper alleges that the integrity 
of Fig. 4 is compromised by the use of 
previous reviews in documenting the data. 
Nature’s succinct format necessitated the 
use of reviews where possible and did not 
permit elaboration on individual data 
points in the two paragraphs of text 
devoted to Fig. 4. 

Alper intimates that low-temperature 
inactivations may be in error. While it is 
true that some viruses", but not others'>, 
show enhanced protection at liquid 
nitrogen temperatures (—196 °C), the only 
frozen specimens in Fig. 4 were at dry ice 
temperatures (~78 °C), where the avail- 
able еуібепсе!516 including that for 
scrapie'^!5, suggests virus inactivation 
kinetics similar to those obtained dry. 
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Alper's most surprising suggestion is 
that ss and ds viruses (and even proteins) 
be regressed as a single group. This is in 
spite of overwhelming evidence that ss 
viruses show a 20-40-fold greater sensitiv- 
ity to inactivation than do ds viruses of 
similar genome size”’®-**. This difference 
derives in part from the ease with which 
many otherwise lethal single-strand 
lesions can be repaired in ds DNA. 

As noted by Alper, crude tissue sus- 
pensions of the scrapie agent show greater 
sensitivities to inactivation at ultraviolet 
wavelengths below the 254 nm maximum 
typical of some viruses”. However, a 
similar inactivation spectrum is observed 
for tobacco mosaic virus (TMV)” and, 10 
a lesser extent, potato X virus". The 
absence of other examples may only reflect 
the limited number of viruses for which 
an inactivation spectrum has been deter- 
mined rather than the actual prevalence 
of this presumed anomaly in nature. It 
may be noteworthy that TMV and potato 
X share a filamentous morphology with 
the scraple-associated fibril”®, a candidate 
structure for the scrapie virus??. 

Standard curves, such as those in Fig. 
4, are the preferred method of measure- 
ment in biophysical procedures such as 
sedimentation and electrophoresis where 
adequate standards exist. Now that Dy 
values can be calibrated against exact, 
sequence-based M'Ws for dozens of 
viruses”, it no longer makes sense to 
attempt the estimation of nucleic acid 
МҸ from first principles using the target 
theory. Moreover, past attempts to do so 
have seriously misled scrapie investi- 
gation. 
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Ж authoritative definitions and explanations of all current 
terminology written by experts 

*k lucidly written entries with thorough cross referencing 

Ж regular new editions keep the student up to date with 


the latest research, practice and technology 
*k a clear layout for easy reference 
Ж prices range from just £7.95 to £9.95 
NEW IN 1986... 
MACMILLAN DICTIONARY OF BIOTECHNOLOGY 


JIM COOMBS March 1986 320pp 0333 40875 6 £995 


MACMILLAN DICTIONARY OF THE HISTORY OF SCIENCE 
Edited by W. F. BYNUM, E. J. BROWNE and ROY PORTER 

March 1986 528рр 0 333 34901 6 £8.95 

MACMILLAN DICTIONARY OF PERSONAL COMPUTING 
AND COMMUNICATIONS DENNIS LONGLEY and MICHAEL SHAIN 
August 1986 320pp 0 333 42170 1 £8.95 

MACMILLAN DICTIONARY OF PHYSICS 

MARY P. LORD August 1986 320рр 0333 423771 £895 


MACMILLAN DICTIONARY OF IMMUNOLOGY 
FRED ROSEN, LISA STEINER and EMIL UNANUE 
August 1986 256рр | 0333392485 6805 


RECENTLY PUBLISHED . . . 


MACMILLAN DICTIONARY OF LIFE SCIENCES Second Еспог 
E. A. MARTIN 1985 400pp 0 333 38647 7 £9.95 


MACMILLAN DICTIONARY OF THE ENVIRONMENT 

Second Edition 

MICHAEL ALLABY 1985 536pp 0 333 37951 9 £895 
MACMILLAN DICTIONARY OF INFORMATION TECHNOLOGY 
Second Edition DENNIS LONGLEY and MICHAEL SHAIN 

1985 392pp 0 333 37261 1 £895 


MACMILLAN DICTIONARY OF MICROCOMPUTING Thira Econ 
CHARLES SIPPL 1985 544рр 0333370821 £835 


MACMILLAN DICTIONARY OF DATA COMMUNICATIONS 
Second Edition 
CHARLES SIPPL 1985 544рр 0 333 37083 X £895 


MACMILLAN DICTIONARY OF ENERGY 
Edited by MALCOLM SLESSER 
1985 ` 3i4pp 03333606673 £795 


MACMILLAN DICTIONARY OF ASTRONOMY 
VALERIE ILLINGWORTH 1985 320pp 0333 392434 


Not available in USA. 


Macmillan Press, Houndmills, Basingstoke, Hants RG21 2XS, UK 
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MEDICAL RESEARCH 
COUNCIL 


Dunn Nutrition Unit, Cambridge ` 


POSTDOCTORAL 
SCIENTIST 


Required to join Dr A, Lucas work- 
ing.in the field of infant nutritional 
physiology (including premature 
abies). A principle interest of the 
group is the use of stable isotopes, 
calorimetry and, in the future, nu- 
cléar magnetic resonance for study- 
ing energy metabolism and body 
composition. Postgraduate exper- 
ience in biochemistry and/or physio- 
' logy is essential. The appointment is 
for a period of 3 years. Salary on the 
University non-clinical academic 


: . staff scales in the range £9,276. — 


. £11,653 according to previous exper- 

` ience. Applications should be made 
„| to the Director of the Unit, Dr R G 
. Whitehead, Dunn Nutritional Lab- 
. oratory, Dowrihams Lane, Milton 
* Road, Cambridge CB4 1XJ. Closing 
date, for applications 18th April 
1986. The MRC is an equal oppor- 


UNIVERSITY OF OXFORD 
. UNIVERSITY 


LECTURE-SHIP IN 
NEUROSCIENCE 


IN ASSOCIATION WITH 
SOMERVILLE AND BALLIOL 
2 COLLEGES 


Applications are invited for the 
above post tenable from 1 January 
1987. Candidates should have car- 
ried out research in neuroscience, 
with competence in neuroscience 
and cell structure. Stipend according 


to age on the scale £8,020 to £16,760. 


The successful candidate may be of- 
fered а tutorial fellowship at Somer- 
ville College; the statutes of which 
provide that all fellows shall be 
women, or, if a man is appointed, at 
Balliol College. Further details may 
be obtained from Professor R 

Guillery, Department of Human 
Anatomy, South Parks Road, Ox- 
ford OX1 3QX, to whom -applica- 
tions (nine typed copies, or one from 
overseas applicants) with a full cur- 
riculum vitae, summary of research 


interests and the names of three ref- 
erees should be sent by 30 June,. 


1986. 





tunity employer. (9163)A 










Senior | 
Faculty Position 


GERIATRICS 


(9188)A 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF 
BIOCHEMISTRY 


TEMPORARY LECTURER 


Applications are invited from suit- 
ably qualified persons for a tempo- 
rary.Lectureship tenable for 1 year 
from 1st September 1986. Candi- 
dates will be required to assist with 
undergraduate teaching and conduct 
research in association with one of 
the research groups in the Depart- 
ment which has facilities available 
for many areas of animal, plant, 
microbial and insect biochemistry. 


Salary will be in the range £8,020 
— £9,495 per annum. 


Applications together with the. 


names of three referees should be 
received not later than 30th April 
1986 by the Registrar, The Univer- 
sity, P.O. Box 147, Liverpool, L69 
3BX from whom further particulars 
may be obtained. Quote ref: 
RV/706/N. (9155)А 





—SAUDI ARABIA— 
PHARMACISTS 


` UNIVERSITY OF `- 
NOTTINGHAM s 
DEPARTMENT OF PHYSIOLOGY & 
ENVIRONMENTAL SCIENCE 
"POST DOCTORAL , 
RESEARCH ASSISTANT 
Applications are invited for àn 
AFRC-funded postdoctoral те- 
search, assistant to investigate the 
role of cell wall degrading enzymes 
in abscission. Prospective candidates 
should have, or expect to complete 
in the near future, a’ PhD in Plant 
Physiology or Biochemistry. E eri- 
ence in the extraction and handling 
of nucleic acids would-be an ad- 
vantage. | "ME IN 
The post is for 3 yeárs starting as 
soon as possible, with salary (RA Ја) 
accórding to age and experiencé 
within the range £8,020 — £9,495. | 


-. Applications with cv and names 
and addresses of two referees should 
be sent to Dr J A Roberts, Depart- 
ment of Physiology’ and Environ- 
mental Science, University of Not- 
tingham, Faculty of Agricultural Sci- 
ence; Sutton Bonington, Nr Lough- 
borough, Leics LE12 5RD. 

(9185)A 


The Ritter Department of Geriatrics and Adult Development of 
the Mount Sinai Medical Center is seeking an internist qualified 
for a medical school appointment of Associate Professor or 
higher and who has an interest in geriatrics for a new City Univer- 
sity of New York-supported faculty position. The individual will 
_ assume a leadership role in the Department, including research, 
clinical, and administrative responsibilities, and will be 
appointed in both the Departments of Geriatrics and Medicine. 
Candidates for this position should have received recognition.in 
their fields. The Mount Sinai Medical Center is comprised of a 
1200 bed tertiary care hospital and a medical school. The Ritter 
Department is the first department of geriatrics in a U.S. medical 
„school and has assumed a leadership position since its estab- 
lishment three years ago. Salary is negotiable, with excellent 
. benefits. Position available July or September 1986: Curriculum 
vitae should be sent to Robert N. Butler, M.D., Professor and 
Chairman, Ritter Department of Geriatrics and Adult Develop- 
ment, THE MOUNT SINAI MEDICAL CENTER, One 
Gustave L. Levy Place, Annenberg 13-30, 

New York, NY 10029. 


An Equal Opportunity Employer. 


The Mount Sinai 
Medical Center 


(NW129) 





























THERAPISTS | 


A leading hospital in Dhahran is seeking to maintain its reputat- 
ion for professionalism through the appointment ofthe following 
staff: 


PHARMACISTS — Full professional qualifications plus three 
years relevant experience. . . 


PHYSIOTHERAPISTS — Must have BSC or HNC in physiotherapy, 
membership of the chartered society plus two years post certifi- 
cation experience. j 


OCCUPATIONAL THERAPIST — Relevant professional qualificat- 
ions and two years post certification experience. і 


In addition to the tax free salaries, free accommodation, London 
round trip air tickets and generous leave allowances. These one 
year renewable contracts offer the opportunity of working in a 
modern, five year old 190 bed hospital staffed at senior level by 
European and American personnel. 


For information about these immediate openings call: 


PETER HALL 01-437-6900 
HAK INTERNATIONAL, 
CHESHAM HOUSE 

136 REGENT STREET, 
LONDON 


(W2782)A 
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No way to welcome spring 


The calculated bad manners towards each other of the two major superpowers may presage 
better things, as last year, but that is the most optimistic reading of events. 


ONLY a few months ago, the general cheerful opinion was that 
1986 would be the year in which the wagon of strategic arms 
control began to roll again. There were several hopeful signs: 
the generally constructive meeting of the US and Soviet heads 
of government at Geneva last November, the apparent belief 
of both leaders that they can gain from arms control (Mr 
Gorbachev, economically; President Reagan, politically and 
in reputation), the encouraging noises at the Stockholm con- 
ference on European Security over the past several months 
and the widespread fear that if things do not get better soon, 
they may get a lot worse. To be sure, nothing much has 
happened to put flesh on these hopeful bones, but the Soviet 
Union has offered (and kept) a unilateral moratorium on 
nuclear testing (due to expire last weekend) and has proposed 
an ambitious plan for getting rid of strategic nuclear weapons 
by the end of the century. The chief response so far from 
Washington has been ambivalent; President Reagan has been 
lukewarm but has not rejected the proposals outright, and is 
plainly anxious to fix a date for this year's summit meeting, 
but other US officials have been downright cool. The British 
government, responding to the narrow question of whether 
British nuclear weapons should be restricted at an early stage, 
has also been downright cool. And now, in the past few 
weeks, the two superpowers have taken to public rudeness on 
a scale that will be hard to sustain. 

The cheerful reading of these events is that they are a 
deliberate smokescreen behind which patient diplomats 'are 
hammering out the essence of arms control agreements. It is 
true that the useful meeting last November was preceded by à 
bout of almost unprecedented recrimination. So too were the 
months preceding the first of the important agreements on 
nuclear arms, the partial test-ban treaty of 1963. One of the 
impediments now to the optimistic view is that the present 
period also resembles that at the end of 1980 when the Soviet 
invasion of Afghanistan helped to put paid to the nearly 
complete draft of a comprehensive test-ban treaty. The danger 
in the present climate is that the date for this year's planned 
summit meeting will not be fixed until it is too late for it to be 
held, with the mid-term elections due in the United States at 
the beginning of November. 

Yet much of the disagreement between the East and the 
West on arms control consists, in the broadest sense, of 
misunderstanding. On many of the measures up for agree- 
ment, the two sides tend to blow hot and cold, but rarely 
simultaneously. In 1980, the US administration was keen on a 
comprehensive test-ban (but may not have been able to win 
the agreement of the US Senate and its lobbyists); now the 
shoe is on the other foot, with the Soviet Union being 
prepared to accept a degree of on-site inspection while the 
United States, conscious that new missiles will need new 
warheads and bemused by the Strategic Defense Initiative 
(SDD, would prefer to talk about almost anything else (except 
SDI). The essential difficulty is that which has beggared the 
arms control process from the outset, that of regarding the 
outstanding problems from the other side's point of view. 

Here are some issues on which heads should be banged 


together in the next few weeks. 

€ Intermediate missiles. An agreement should be possible this 
year, especially now that no account will be taken of medium- 
range aircraft at the outset. One snag is the Soviet determina- 
tion to keep some mobile SS-20 missiles in Asia: the Soviet 
Union appears not to appreciate that to require good faith of 
the United States that these machines would not be moved 
westwards predicates agreements that have not yet been 
reached. Another snag is European discontent at the prospect 


. of a European theatre free from all but tactical nuclear 


weapons and the British and French nuclear forces; but that 
objection cannot stand in the way of an agreement, which 
would merely restore the state of affairs before the decision of 
the North Atlantic Treaty Organization (NATO), in December 
1979, to modernize European nuclear forces in response to the 
appearance of the S5-20s. 
e Strategic missiles. The Soviet Union and the United States 
both seem prepared to contemplate substantial reduction of 
the present limits (those of the unratified SALT II treaty), 
perhaps by a half. In this context, long-range bombers are 
bound to matter. A cap on the British and French forces (and 
the Chinese?) would be appropriate. The United States should 
appreciate that Soviet unwillingness to carry a larger propor- 
tion of its strategic forces on submarines is rational (too many 
eggs in one kind of basket); the Soviet Union should under- 
stand that a substantial reduction is an indispensable prelude 
to abolition, Mr Gorbachev's goal for 2000. 
ә Comprehensive test-ban. The needs of SDI apart, the United 
States is at present at a disadvantage in the utility of its missile 
forces and an agreement on strategic missiles, almost within 
grasp, will not come about unless US tests continue for some 
time: the best may be the enemy of the better. 
ә Strategic Defense Initiative. The United States seems not 
properly to appreciate why the Soviet Union so resents this 
scheme. Response, either by emulation or the proliferation of 
existing missile forces, will be ruinously expensive. Even if an 
effective multi-layered defence against strategic missiles 
proves feasible, installing such a system over a period of time 
that must run into decades would be perhaps ruinously 
dangerous as well. And there is no doubt that the possession 
of an effective SDI by one side but not the other would be a 
basis from which to launch a risk-free pre-emptive strike. But 
the Soviet Union should clarify its reasons for opposing SDI 
so vociferously. Is the venture fated to be a technical failure, 
as many critics in the West insist? Might it succeed, in which 
case why not be prepared to negotiate phased installation? Or 
will SDI finish up as a mixture of an early warning system and 
a terminal defence against some missiles (in which case the 
Anti-Ballistic Missile Treaty would have to be renegotiated)? 
None of these arguments is especially profound. No doubt 
the professional military people on both sides have more 
specific but more urgent anxieties about the ways in which 
their opponents are likely to benefit from arms control agree- 
ments. The disappointment of the past few months has been 
that neither side appears to have been ready to acknowledge 
that anxiety of this kind is both legitimate and unavoidable. 


384 





Yet in the absence of such an understanding, agreement will 
not be possible or, worse, will be reached and then broken. 
Another urgent need is for an open recognition that effective 
strategic arms control is necessarily a slow process. At any 
time, such as now, it is usually possible to distinguish between 
the steps that logically come next and those that can only 
follow. Mr Gorbachev's proposals earlier this year differ from 
previous versions in their open recognition of this truth. And 
in spite of the coolness with which some have greeted them, it 
is plain that they are also negotiable proposals. Why not at 
least find out, by attempting to negotiate on them? О 


Nuclear virulence 


Some of the problems of the nuclear industry 
are illustrated by a book review this week. 


NUCLEAR engineers, others who work in the nuclear industry 
and, indeed, those who use electricity as a fuel, should take 
care to read the book review by David Pearce, professor of 
economics at University College London, which appears on 
. page 403 of this issue. To profit from the exercise, it is not 
necessary to agree with Pearce, or with the author of the book 
he is reviewing, both of whom are saying that civil nuclear 
power in Britain and probably elsewhere is a deception 
practised on an innocent public and on gullible politicians by a 
bunch of 1950s scientists and technologists ignorant of the 
imperatives of the social sciences and incompetent as well. 
The benefit will be the better understanding of the obstacles 
that will have to be faced by those who would both breathe 
new life into national nuclear programmes that have fallen on 
bad times, or who would ensure improved public safety by the 
better management of nuclear plants. 

Do-gooders of that kind should be the first to know what lies 
ahead of them, to which end Pearce should be generously 
forgiven his restraint, despite which his piece of action writing 
is as salutary a warning as there could be against all things 
nuclear. That the British decision to build advanced gas- 
cooled reactors in succession to the first generation of natural 
uranium reactors turned out to be economically unwise is now 
well-documented, but he does not need, with the passage of so 
much time, to spare the blushes of those who took the 
decision, and who are now mostly dead in any case, by 
concealing the explanation. The decision was technically 
unsound and was widely said to be so at the time. The 
problem, in 1960 or thereabouts, was that people were faced 
with the familiar problem of not knowing how far ahead to 
jump in the development of a novel technology. The besetting 
British sin is to jump too far (with the first supersonic civil 
airliners and so on), but on this occasion they erred in the 
other direction. 

Pearce is also overkind to British nuclear engineers in 
ascribing the concealment of the truth about nuclear energy to 
the cover-up engineers who work in public relations and for 
lobbying organizations. Why not tell it like it was (and, 
perhaps, still is) that the founders of the British nuclear 
industry were woefully ignorant of the basic parameters of 
their craft, the need to anneal irradiated graphite, the corro- 
sion of magnesium by carbon dioxide and the embrittlement of 
steel by helium gas, all of which they should have learned 
about at school (together with the biological effects of ingested 
plutonium)? But his echo of the contention that the problem of 
waste management must be ''solved'' before civil nuclear 
power is exploited cannot of course be gainsaid, although it 
would have been helpful to have had an economist's view of 
what constitutes a solution to such a problem. 

What Pearce has done is to provide a vivid illustration of the 
depth of feeling, even passion, that now attends the nuclear 
issue even in previously sleepy places such as Britain. Many 
will be grateful to him, especially those who manage without 
electricity. 


-OPINION 
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Good luck strikes back 


British astronomers should move their 
surplus observatory to a university. 


Long delayed decisions become palatable because those most 
affected by them have been anaesthetized while waiting. This 
is probably why British astronomers appear unperturbed by 
the announcement last week that the Royal Greenwich Obser- 
vatory (RGO), founded as an applied science laboratory to 
exploit seventeenth-century astronomy for better navigation 
and which left the site whose name it bears nearly forty years 
ago, is once again to move, perhaps even to merge with the 
Royal Observatory, Edinburgh. British astronomers are now 
thoroughly used to the notion that support services for astron- 
omy must be reduced. As one distinguished committee after 
another has failed to reach a firm conclusion, the exasperated 
victims have often been chief among those pleading with the 
executioner to get on with his task. 

On this occasion, remarkably, the need that something 
should be done is not a mark of failure, recklessness or the 
lack of funds, but if anything the opposite on all three counts. 
For the best part of fifteen years, or at least ten, the Science 
and Engineering Research Council (SERC) has dealt imagina- 
tively, responsibly and generously with optical and near- 
optical astronomy. Capital investment in new telescopes runs 
close to £50 million, and there is a substantial community of 
professional astronomers fighting for time on this equipment. 
One measure of quality of the equipment available to British 
astronomers is that a SERC committee seriously considered, a 
year ago, the abandonment of the excellent partnership with 
Australia in the Anglo-Australian telescope. The two British- 
based observatories, meanwhile, have found their usefulness 
diminish. Each of them has provided important support for the 
building of the new telescopes, but it has been plain for years 
that there would be no need for both of them when that work 
was done, as it will be long before 1990. 

Two questions arise, only one of which is of a muck-raking 
character. Most of the decisions about the construction of new 
telescopes were taken a decade or more ago, when public 
funds, although already constrained, were easier to come by | 
than at present. In the past few years, the climate has changed 
so much that it is unthinkable that the same decisions would 
be taken now; British astronomers are lucky to have squeezed 
in under the wire in this way. 

So why has there been such diffidence in deciding what to 
do about RGO? And although SERC has laid down that the 
move of RGO from its present cloudy site must be “‘self- 
financing", why is nothing said about the financial savings 
that may flow from the decision that RGO should move? If 
there are none, people will be asking whether the move can be 
worthwhile. 

The second question is raised by the incompleteness of last 
week's decision. RGO is to move, but will be told only in June 
where and with whom it will spend the rest of its days. SERC 
seems to be faced with two choices. A merger of the two 
ground-based observatories would yield economies of scale 
and concentration, but SERC judges that an institution based 
in Edinburgh could not have the close links with academic 
astronomers that would be fruitful for both sides. This is the 
spirit in which the research council has invited **expressions 
of interest" (otherwise known as bids) from universities 
willing to take in RGO as a kind of paying guest. Cambridge 
and Manchester are the chief contenders. It should be plain to 
SERC that the benefits of an academic partnership are huge, 
and that the university option provides British research insti- 
tutes with a chance to give back to British universities some of 
the resources and responsibility of which they have been 
robbed over the decades. But would it not be invidious to pick 
one out of two? Maybe, but to settle for a merger would be 
wrong. 
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AIDS research 


NEWS 


New human retroviruses: 
One causes AIDS 


ACQUIRED immune deficiency syndrome 
(AIDS) can be caused by a second virus, 
at least 30 per cent different in sequence 
from the virus particle, termed HTLV- 
III in the United States and LAV in 
France, that is currently implicated in 
the disease. So claimed Luc Montagnier, 
head of the French group that discovered 
LAV at the Institut Pasteur in Paris, at a 
meeting in Lisbon, Portugal, last week. 
(HTLV, or human T-lymphotropic virus, 
was isolated by Robert Gallo and his 
colleagues at the US National Institutes 
of Health and Montagnier and his group 
isolated what they called LAV, or lym- 
phadenopathy virus.) 

Montagnier is sending his paper on the 


discovery to the Comptes Rendues of the 
French Academy of Sciences, and to 
Science, but was prepared last week to 
outline what he had said in his Lisbon 
address. According to Montagnier, the 
new virus, which he calls LAV-II, was 
discovered in two patients with AIDS 
symptoms in a Lisbon hospital. The pa- 
tients’ sera showed no antibodies against 
LAV (now called LAV-I). There were, 
however, viruses present that looked 
just like LAV-I in the electron micro- 
scope, and which had the same T-lym- 
photropic and cytopathic properties. 
Nevertheless, DNA probes derived 
from LAV-I did not hybridize with the 
DNA from the new virus “іп stringent 





AIDS research 


. and the other does not 


Washington 
ANOTHER dispute over scientific prima- 
cy has erupted between the United 
States and France about a human retro- 
virus. Max Essex and Phyllis Kanki of 
the Harvard School of Public Health in 
Boston, together with colleagues at Har- 
vard and in France and Senegal, have 
found a virus related to Simian T-lym- 
photropic virus type IIf found in African 
Green Monkey (STLV-IIIAay) that can 
be detected in healthy humans. Essex 
announced the discovery last week to 
coincide with an announcement by Luc 
Montagnier of the Institut Pasteur about 
another human retrovirus (see above). A 
paper describing Essex's virus will ap- 
pear in the 11 April issue of Science. 
Like human T-lymphotropic virus 
type-III/!ymphadenopathy virus (HTLV- 


III/LAV), the new virus, termed HTLV- 


IV, infects helper T-cells. But unlike 
HTLV-II, it is not cytopathic for T- 
cells. 

Last year, Essex and his colleagues 
reported finding healthy individuals from 
West Africa who displayed strong anti- 
body reactivity to all STLV-IIfAcw viral 
proteins, but reacted weakly with viral 
proteins from HTLV-III/LAV. They 
concluded that there was in Africa a 
human virus more closely related to 
STLV-III than HTLV-III that either 
shared a common genetic ancestor or 
derived directly from the monkey virus. 

The Harvard team successfully grew 
HTLV-IV from serum of three seroposi- 
tive individuals. Analysis of the new 
virus shows that it shares many proteins 
with STLV-IIIAgy, more so than with 


HTLV-III/LAV, notably a 32,000 dalton 
protein suspected to be a transmembrane 
envelope protein. The analogous protein 
in HTLV-IIVLAV weighs 42,000 dal- 
tons. Electron micrograph morphology 
of HTLV-IV likewise shows greater sim- 
ilarities to the monkey virus than to 
HTLV-III/LAV. 

At a press conference at the American 
Society of Microbiologists’ annual meet- 
ing in Washington, DC, Essex said the 
new virus described by Montagnier “ар- 
pears to be related" to HTLV-IV. Un- 
like LAV-II, HTLV-IV does not appear 
to cause illness, but Essex would not 
rule out the possibility that infected indi- 
viduals might develop disease later in 
life. Essex believes there is a continuum 
of retroviruses from those closely related 
to STLV-III to those closer to HTLV- 
III/LAV, and it may be that LAV-II lies 
on that continuum. 

Essex was prompted to release details 
of his discovery in advance of its formal 
publication because of intense pressure 
from the media both on him and his 
collaborator Francis Barin in Tours, 
France, to comment on Montagnier’s 
discovery. Essex maintains he learned of 
Montagnier’s work only on 22 March, 
and then only at second hand. Essex 


worried that he would be ‘‘raked over 


the coals" by the press for refusing to 
comment on his own work at a time of 
intense public interest in human retrovir- 
uses. 

US journalists were alerted to the In- 
stitut Pasteur discovery by a press re- 
lease from a New York public relations 
company. Joseph Palca 
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conditions". Sera from LAV-I patients 
contained no antibodies for the envelope 
part of the new virus, although sera from 
patients infected by the new virus 
showed a small reactivity with LAV-I 
core proteins. These data suggested that 
the new LAV-II virus diverged at least 
30 per cent in sequence from LAV-I. 
Montagnier said. 

LAV-II patients also showed some 
antibodies against the green monkey vi- 
rus considered similar to LAV-I, “апа 
the interesting question now will be how 
similar LAV-II is to the simian virus", 
Montagnier said. Robert Walgate 


NSF tests 
mini-supercomputer 


Washington 

Tue National Science Foundation’s San 
Diego Supercomputing Center (SDSC) is 
gearing up for tests of a mini-supercom- 
puter that could save time and money for 
thousands of Cray users. The SCS-40 or 
*Crayette" hardware contains the in- 
struction set of a Cray X-MP and can 
write or run programs compatible with 
the mammoth number crunchers. When 
the machine arrives in July, computer 
scientists will judge whether the $600,000 
crayette can fill the gap between its $10 
million parent and the average patron. 

Scientific Computing Systems in Cali- 
fornia built the SCS-40 in less than two 
years to provide an intermediate for local 
Cray programming and debugging, sav- 
ing Cray time for the largest calculations. 
With a quarter of a Cray's capacity, the 
SCS-40 could also expand the computing 
power of smaller facilities. 

John Connolly, head of the supercom- 
puter project at NSF, says that if the SCS- 
40 makes the grade it could be added to 
hundreds of remote facilities for the Crays 
at Carnegie-Mellon University in Pitts- 
burgh and the University of Illinois at 
Urbana-Champaign, in addition to the 
San Diego site. Nearly half of the ad- : 
vanced scientific computing budget is eat- 
en away by the leasing of the Crays in- 
stalled in these centres. Connelly thinks 
the auxiliary crayettes would prove to be 
cost-neutral compared to direct Cray use 
for programming. The SCS-40s might re- 
alize their greatest savings in reduced time 
spent in labour-intensive programming. 

Software simulations of Cray architec- 
ture have been devised, but are orders of 
magnitude slower than the Crays them- 


selves and overwhelm lesser machines. 


Cray’s own attempt to build a mini ver- 
sion was shelved in the prototype stage 
because the market differed from Cray’s 
established clientele. Several other start- 
up companies that attempted the project 
could not rally sufficient support. By 
1987, the verdict on the SCS-40 should be 

in. Karen Wright 
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US patents 
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NE WS ET 


Doubts on secrecy order 


A PROPOSED new secrecy order for con- 
trolling militarily sensitive patent appli- 
cations is starting to worry US high- 
technology industry. The proposed or- 
der, shortly to be published for comment 
. by the US Patent Office, would be used 
for controlling patent applications con- 
taining information that, while not classi- 
fied, is subject to export control under 
new authority given to the Department 
of Defense (DoD). Some fear the new 
order might make difficulties for US 
high-technology industries seeking pat- 
ent protection abroad. 

The Patent Office has long had the 
power to place secrecy orders on patent 
applications containing information 
whose publication would harm national 
security. Two of three new categories of 
secrecy. order now proposed under the 
1951 Invention Secrecy Act essentially 
formalize existing practice. In a nutshell, 
patent applications are reviewed to de- 
termine whether a secrecy order is nec- 
essary; if it is, no patent issues while the 
order is in force, and the inventor is 
ordered not to disclose the substance of 
the application to third parties. Patent 
applications in foreign countries are not 
permitted while the secrecy order re- 
mains in force. 

The third new proposed secrecy order, 
for non-classifiable but export-controlled 
material, is rather different. It would. 
„allow US citizens access to the patent 
application for legitimate business pur- 
poses, and would allow patent applica- 
tions in foreign countries that have ex- 
port control rules and reciprocal secrecy 
agreements with the United States. 

. Concern that this might make prob- 
lems for US industry have been raised by 
the American Association for the Ad- 
vancement of Science. Although at first 
reading the new order seems to be a 
liberalization of existing practice, in fact 
new authority granted to the Department 
of Defense in its 1984 authorization 





greatly extends its scope to label infor- 
mation sensitive and hence subject .to 
export control. In the past, patent secre- 
cy orders have been used only rarely for 
inventions arising from privately-funded 
research.'These were the sort of inven- 
tions that, had they arisen from govern- 
ment-funded research, would have been 
instantly classified. But the new “‘secre- 
cy order and permit for filing in certain 
countries" could be applied far more 
often; guidance for classifying technolo- 
gy as export-controllable comes from the 
militarily sensitive technologies list, 
which covers a great deal of ground. 

A US inventor who found his patent 
application subject to one of the new 
orders would be able to manufacture and 
sell the invention in the United States 
(this is a “‘legitimate business purpose") 
but would risk the invention being cop- 
ied and ‘‘reverse engineered" by com- 
petitors overseas while the secrecy order 
was in force. In the area of electronics, 
countries on the Pacific rim pose a par- 
ticular threat: Although the inventor 
would be confident of ultimate patent 
protection in the United States and in the 
other countries named in the secrecy 
order, by the time a patent issued the 
market might be flooded with foreign 
copies. To avoid this, inventors might 
choose to sit on their inventions until the 
secrecy order expired and a patent is- 
sued, even at the expense of not estab- 
lishing a captive market. 

The Patent Office has said that the new 
proposals will be published in its official 
gazette for comment before being 
brought into force, and believes the con- 
gressionally-mandated test of when to 
impose secrecy orders (possible harm to 
national security) is unchanged. The 
Congressional Research Service has 
raised some doubts about the broad defi- 
nitions in the order but finds no major 
legal flaw. Manufacturers’ organizations 
are starting to take notice. Tim Beardsley 


UK Strategic Defense Initiative contracts 


Company Project 
Ferranti Optical computing 
General Electric Concept definitions 
General Electric Kinetic energy weapons 
Heriot-Watt Optical computing 

University 
UK Atomic Energy Neutral particle beam 
Authority 





ALTHOUGH the agreement signed last 
December for British participation in the 
Strategic Defense Initiative (SDI) guar- 
antéed no specific sums, British compa- 
nies had hoped to garner about $1,500 
million-worth of SDI contracts. So far, at 


Duration of 
contract (years) Amount 
1 $142,500 
1 $100,000 
1 $100,000 
1 $142,500 
5 $10,000,000 


least, that figure is a long way off. The 
table above is compiled from figures 
supplied last week by the Federation of 
American Scientists. The SDI office in 
Washington will ‘not confirm or deny 
these figures. o 





Mars mission 


NASA selects 
contractors 


Washington 

PLANs for a Mars Observer mission 
crept toward completion this week with 
the selection by the National Aeronau- 
tics and Space Administration of con- 
tractors for the spacecraft and booster 
components. NASA named RCA Astro- 
Electronics to build the spacecraft, 
which has an estimated price of over 
$250 million, while Orbital Sciences Cor- 
poration will provide the $20 million pro- 
pulsion system. But NASA has already 
been dealt another delay in the form of a 
bid protest filed by Hughes Aircraft in 
February. 

NASA’s Jet Propulsion Laboratory 
(JPL) directs the Observer mission, 
which was proposed in 1983. The first in 
a series of low-cost inner planet probes, 
the spacecraft will borrow the design of 
Earth orbiters and is scheduled for 
launching from the United States’s space 
shuttle in 1990. By 1991, Observer will 
be circling Mars for a full martian year: 
The spoils of the mission may prove 
useful in organizing the manned mission 
to Mars which, according to the issue of 
Aviation Week and Space Technology 
for 24 March 1986, will be suggested by : 
the National Commission on Space early 
in April. 

Hughes's protest stems from a JPL 
announcement on 20 February that 
NASA had expressed a preference for an 
independent upper stage booster design, 
and that proposals for integrated ‘space- 
craft-booster designs would not be con- 
sidered. With this decision, NASA es- 
sentially threw out proposals submitted 
by Hughes, RCA and Ford Aerospace in 
mid-1985. But each of these companies 
was still in the running for the spacecraft 
contract, having also prepared proposals 
for the spacecraft alone. 

Although Hughes will not comment, 
one NASA official says it believes it 
would have won the bid on integrated- 
designs. In a statement issued last week, 
JPL’s director Lewis Allen insists that 
RCA would have been victor. 

А conference on 10 April at the Gener- 
al Accounting Office (GAO) will give 
both sides a chance to air their views, 
but GAO may not offer a resolution until 
June. А 

In the meantime, NASA cannot award 
a contract to RCA, and contract negotia- 
tions are stalled. JPL's confidence in the | 
outcome, however, can be gauged from 
the laboratory's activity in the midst of 
the fervour: JPL has begun distributing 
RCA’s spacecraft specifications to ро- 
tential bidders for the mission's comple- 
ment of scientific instrumenís. : 

Karen Wright 
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US research 


NEWS 


Smithsonian center to close 


Washington 

ALTHOUGH it was known to be coming, 
the timing of the Smithsonian Institution 
decision to close the Smithsonian Envi- 
ronmental Research Center (SERC) in 
Rockville, Maryland, later this year has 
prompted cries of outrage from SERC- 
Rockville employees and their support- 
ers. 

Notice of the decision was contained 
in à memorandum sent to SERC-Rock- 
ville director William Klein on 21 March 
by Smithsonian assistant secretary for 
science David Challinor. During a visit 
to SERC-Rockville last February, Chal- 
linor told Klein and others that the 
Smithsonian was thinking of closing the 
center during the 1987 fiscal year. The 
March memorandum stated that the fa- 
cility would close and all positions would 
be abolished on 14 November 1986, six 
weeks after the start of the 1987 fiscal 
year. 

While the Smithsonian maintains that 
some employees will be offered positions 
at other Smithsonian facilities, that is not 
the impression left with employees. 

What particularly rankles with people 
at SERC-Rockville is that they feel deci- 


sions were made without their involve- 
ment. “І have not been consulted about 


this decision whatsoever", says Klein. 


Also annoying has been the Smithsoni- 
an's opinion that SERC-Rockville's pro- 
ductivity ‘‘was not up to the standards of 
similar institutions”. Those familiar with 
SERC-Rockville’s work concede that 
the facility could have helped its cause 


by publishing more frequently. 


SERC began in 1929 as part of the 
Smithsonian Astrophysical Observatory 
and became an independent bureau in 
1969. It now occupies a leased facility in 


Rockville, a suburb of Washington, DC. 


The staff consists of 11 scientists and 34 
support personnel, with an annual bud- 


get of around $2 million. The centre is 
primarily devoted to photobiology, with 
current research projects focusing on 
blue and red light photoreceptors, acces- 
sory pigments and CO; photosynthesis. 
In addition, there is a solar radiation 
monitoring group and a carbon-dating 
facility, both likely to be retained else- 
where by the Smithsonian. 

Two independent reviews of SERC- 
Rockville conducted in 1979 and 1981 for 
the Smithsonian concluded that the labo- 





US engineering 


Five more centres named 


Washington 

THE National Science Foundation (NSF) 
last week announced five more Engi- 
neering Research Centers, intended to 
foster interdisciplinary research and edu- 
cation in selected engineering fields. The 
five new centres, selected from 102 pro- 
posals from 75 institutions, will together 
receive $56,300,000 over the next five 
years. 

The first six NSF engineering research 
centres were announced in May 1985 in 
response to a widespread sentiment that 
NSF should be doing more to foster 
engineering research. Since then, NSF 
authorizing statutes have been amended 
to give greater prominence to engineer- 
ing. But even with the new emphasis 
(enthusiastically championed by NSF's 
director Erich Bloch) the number of cen- 


year 1987, a previously discussed target. 

The existing six centres have succeed- 
ed in attracting substantial industrial 
support: $13 million on top of the original 
$10 million from NSF. The newly an- 
nounced centres are expected to do like- 
wise. Typically, 20-40 faculty members 
are involved in a centre, and collabora- 
tion with industry on engineering prob- 
lems is mandatory. Observers are en- 
couraged by progress so far. According 
to Lynn Preston of NSF's cross-discipli- 
nary research directorate, the centres 
have inspired other universities and in- 
dustry to establish cooperative research 
links along NSF lines even without NSF 
support. Some similar collaborative re- 
search centres are proposed to be funded 
this year by the Department of Defense 
under its new University Research Ini- 


ters will not reach 25 by the end of fiscal | tiative. Tim Beardsley 
Amount (over 5 years) 
Institution Subject ($ million) 
University of Utah & Advanced combustion 9.7 
Brigham Young University Engineering 
Carnegie-Mellon Engineering design technology 14.9 
University 
University of Compound semiconductor 
Illinois-Urbana microelectronics 11.6 
Lehigh University Large structural systems 10.4 
Ohio State University Net shape manufacturing 9.7 


(direct near-final shape production) 
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ratory lacked the ''critical mass" of peo- 
ple and facilities to perform world class 
science. The possibility was considered 
of merging SERC-Rockville with a 
smaller SERC facility on the Chesapeake 
Bay, but the $30 million price tag for a 
new facility was beyond the institution's 
budgetary grasp. 

Several universities, including Johns 
Hopkins, Duke and the University of 
Maryland, expressed an interest in merg- 
ing with SERC-Rockville, but were un- 
willing to make the financial commit- 
ment that the Smithsonian wanted. 

The Smithsonian Institution ultimately 
decided that it could not afford to sup- 
port SERC-Rockville at a level it felt 
was necessary for good science, and the 
decision to close the centre was hastened 
by the fact that the lease on the Rockville 
facility was due to expire in 1990. 

Winslow Briggs, head of the depart- 
ment of plant biology at the Cernegie 
Institution of Washington in Stanford, 
California, calls SERC-Rockville's work 
"not terribly fashionable, but terribly 
important". He expressed disappoint- 
ment at the Smithsonian's decision, and 
"outrage'' that the closure would take 
place this year. 

The Smithsonian is not blaming budget 
problems as the primary reason for the 
closure. Instead, says Ross Simons. pro- 
gramme manager in Challinor's office, 
the issue is ‘“where Smithsonian science 
as a whole should be going". Simons 
says the Smithsonian's scientific 
strength in the natural sciences is in 
evolutionary biology, and that is where 
money saved from the SERC- Rockville 
closure will be spent. Joseph Palca 


EPA bars AGS test 


Washington 

Tue Environmental Protection Agency 
(EPA) has suspended the experimental use 
permit issued to Advanced Genetic Sci- 
ences (AGS) for field trials of genetically 
altered bacteria on strawberry plants un- 
til new data can be reviewed. 

EPA wil also fine AGS $20,000, the 
maximum allowed by law, for testing the 
genetically altered version of Pseudomo- 
nas syringae under conditions that could 
have led to an environmental release of 
the bacteria. The EPA complaint charges 
AGS with misrepresentation and falsifica- 
tion of data, as well as use of an experi- 
mental substance in a manner not pre- 
scribed by agreed protocols. 

Last month, AGS admitted that patho- 
genicity tests on the new bacteria, devel- 
oped to protect crops from frost damage, 
were carried out on trees on the roof of its 
Oakland headquarters (see Nature 320, 2; 
1986). EPA regulations require such tests 
to be conducted in an enclosed environ- 
ment. AGS has now agreed to redo patho- 
genicity tests on the trees. Joseph Palca 
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French science 


NEWS 


Bureaucracy looks to survival 


IN an extraordinary declaration of the 
likely directions of the new French gov- 
ernment's education policy last week, 
the new minister of education, René 
Monory, has announced that he will 
make no radical alterations to the con- 
structive policy of his socialist predeces- 
sor, Jean-Pierre Chevénement. 

Monory told journalists that he ‘‘want- 
ed to get things moving" and that he 
agreed with most of the things that Che- 
vénement had been doing. He was par- 
ticularly happy, he said, with Chevéne- 
ment’s efforts to raise the number of 
schoolchildren achieving the ‘‘baccalau- 
геге” (the high school graduation certif- 
icate that guarantees entry to universi- 
ty). "International competition and de- 
mography demand it”, he said. 

Thus Monory has pinned his colours 
to Chevénement's typically radical ef- 
forts to reform the school system, which 
for Chevénement was too geared toward 
mathematics and to the entry of the very 
few into a few élite institutions. 

Chevénement’s intention was to cre- 
ate new universities of technology and 
more grandes écoles geared to tomor- 
row's technology. But pre-election ad- 
visers to the new Prime Minister, 
Jacques Chirac, sought to strengthen and 


return power to the existing university | 


system, and had been working on legisla- 
tion to this end. Chevénement’s grand 
plan will not now be torn up. Chirac and 
Monory may be planning to go easy; 
Monory is talking of not wishing to ‘‘re- 
kindle the battles”, said Monory. 

The government's policy remains far 
from clear. Bernard Descompes, who 
masterminded the previous govern- 
ment's successful attempts to tighten up 
assessment ‘and research quality in the 
French universities, was due to meet his 
new minister for higher education and 
research, Alain Devaquet, just before 
the Easter break. Whether the old minis- 
try of research and technology will sur- 
vive is apparently not yet decided. 

Meanwhile, Devaquet occupies not 
the small office at the ministry of educa- 
tion appropriate to a junior minister but 
the grand headquarters of the old minis- 
try of research and technology, in the old 
Ecole Polytechnique on the Montaigne 
St Genevieve. The switchboard opera- 
tors are selfconsciously announcing 
"ministry of higher education and re- 
search" to incoming callers. Some on 
the Montaigne hope that the ministry will 
not be as radically dismantled as Chirac 
has been threatening. 

Devaquet has also filled the powerful 


‘post of cabinet director with Michéle 





 Aleksandrov stays at Soviet academy 


ACADEMICIAN Anatolii Aleksandrov, the 
83-year-old president of the Soviet Acade- 
my of Sciences, has retained his post, in 
spite of rumours that he was to resign at 
fhe annual general meeting on 19 March. 
Most rumours fipped as his successor 
Academician Evgenii Velikhov, a physi- 
cist who has recently entered the arena of 
international politics as head of ‘‘Scien- 
tists against Nuclear War’’. Shortly be- 
fore the meeting, however, Academician 
Viktor Logonov, the rector of Moscow 
University and also a physicist, was also 
mentioned as a possible successor. In the 
event, in spite of Mr Gorbachev's current 
policy of retiring eminent but superannu- 
ated people, Aleksandrov was not re- 
placed. 

Aleksandrov is not in the best of health, 
and has not for some years attended cere- 
monial functions abroad. His continuation 
in office will mean continued diplomatic 
limelight for the vice-presidents, who dep- 


utize for him, which may not be entirely 


unwelcome to those not eligible for the 
presidency. Over the past few years, it has 
become a tradition that the president-of 
the academy is either a mathematician or 
a physicist. 


Apart from Aleksandrov's staying on, 
this years meeting brought few surprises. 
Most speeches dealt with the implementa- 
tion of the resolutions of the recent party 
congress, insofar as they affect science. 

Aleksandrov himself noted that the role 
of the academy as a coordinator of all 
research work in the Soviet Union should 
be **appreciably enhanced” in the new 
five-year plan (1986—90), gave the number 
of researchers in the Soviet Union as 
around 1.5 million and noted that this 
year's research budget (presumably for 
fhe whole of the Soviet Union) would 
amount to 29,000 million rubles. Other 
speakers dealt with the priority areas al- 
ready outlined in the guidelines for the 
plan, but Academician Yurii Ovchinnikov 
complained that although genetic engi- 
neering can produce new medicines in six 
months, the time needed to test and **veri- 
fy" them (10-12 years) was much too 
long. 

One innovation that seems to have been 
generated within the academy is the deci- 
sion to create an interdisciplinary coordi- 
nation council for the investigation of the 
“entire package of questions of the study 
of man". Vera Rich 
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Legras, who is four years older than her 
minister and a career administrator of 
some eminence; she has served under 
ex-prime minister Raymond Barre and 
was chef du cabinet to a previous (but 
regrettably forgotten) research minister, 
Jacques Sourdille, in 1977. . 
Robert Walgate. 


Polish nuclear power 
Safety fears 


LocaL opinion in the district of Lubusz 
in western Poland is “outraged” by 
plans to build a nuclear waste dump, 
according to Zielona Gora local radio. 
Members of the Sejm (parliament) are 
accordingly being sent to the area to 
confer with local officials, although no 
final decision on where the waste will be 
stored can be reached until an expert 
survey is completed in 1990. 

At present, a new bill on the nuclear 
industry is being drafted. Polish media 
and press agency reports on the bill, 
during the past two weeks, have stressed 
that it will make all necessary provisions 
to protect workers in the nuclear indus- 
try and the public at large from radiation 
hazard. This stress on safety is clearly 
meant to allay fears not only in Lubusz 
but also in the vicinity of the planned 
nuclear power stations at Zarnowiec and 
Wloclawek. ; 

The fears go beyond the usual appre- 
hension of residents of an area where a 
nuclear installation is planned. Nuclear 
safety in Poland is by no means weil 
organized, but is at present governed by 
a regulation dating from 1961 which in- 
volves not only the Atomic Energy Com- 
mission but four other ministries as well. 

In 1973, the second congress of Polish 
science called for a two to threefold 
increase in the number of nuclear safety 
experts, but numbers have instead fallen 
rapidly (by 45 per cent between 1980 and 
1985), while those who remain are most- 
ly approaching retirement age. In May 
1985, the academic council of the Insti- 
tute of Nuclear Chemistry and Technolo- 
gy at Zeran, stated that Polish radiologi- 
cal protection work is in so disastrous a 
state that its very existence is threat- 
ened. ) 

How far the new bill can remedy this 
situation is unclear. The main need 
seems to be the training of a new genera- 
tion of safety experts, which will take 
several years. But the rapid response of 
the Sejm to the disquiet in Lubusz, to 
say nothing of the fact that it was report- 
ed in the official media, suggests that the 
Polish authorities, now irrevocably com- 
mitted to a programme of nuclear expan- 
sion, are anxious that fears over safety 
should not escalate into the kind of anti- 
nuclear protest now building up in Yu- 
goslavia. Vera Rich 
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Fermilab 


NEWS 


High-energy physics in a suitcase 


Batavia, Illinois 
Puysicists at Fermi National Accelera- 
tor Laboratory (Fermilab) are not the 
only ones disappointed that the main 
accelerator beam was shut down for re- 
pairs after last fail's successful engineer- 
ing run that produced the highest energy 





proton-antiproton collisions ever. A 
flock of Canada geese typically spends 
the cold Illinois winter on one of the 
cooling ponds for main ring magnets. 
With the ring's magnets turned off, the 
ponds are now mostly ice, so that this 
winter the large flock has had to fight for 
space in the small area melted by heat 
from Fermilab's computers. 

Fermilab sits on 6,800 acres about 30 
miles from downtown Chicago. Despite 
its relative proximity to one of the largest 
cities in the United States, a herd of 75 
buffalo grazing just beyond the Collider 
Detection Facility (CDF) serves as a 
reminder that the city is not that close. 
Indeed, a conscious effort has been made 
to minimize the environmental impact of 
Fermilab’s facilities. A project begun 
nearly a decade ago by Fermilab employ- 
ees and area residents has now replanted 
all 800 acres inside the ring, restoring 
much of the original prairie vegetation. 

Fermilab was dedicated in 1974. To- 
day, there are about 2,200 employees, 
although that number will be allowed to 
slip to 2,000 under budgetary pressures. 
There are 400 physicists resident at Fer- 
milab, but there is also a steady stream 
of visiting physicists from the 325 institu- 
tions in the United States and abroad 
involved in collaborative projects. 


Fermilab budget ($ million) 


FY85 FY86 FY87 


(estimate) 
Operations 122.3 118.8 135.9 
Capital equipment 27.5 316 30.5 
Construction 41.6 193 23.7 









Most visiting scientists, called ‘‘us- 
ers" by the resident staff, stay at the 
Fermilab village, once the town of Wes- 
ton, Illinois. Collaborators on Fermilab 
projects who still have teaching respon- 
sibilities at their home institutions face 
an itinerant lifestyle. "I have my bags 





ы 


packed all the time’’, says Phil Kesten, a 
postdoctoral fellow at Brandeis Univer- 
sity working on software for CDF. Kes- 
ten leaves his home in Boston once ev- 
ery 2 to 3 weeks for four-day visits to 
Fermilab. Some pay even more frequent 
visits. 

While the trip to Chicago takes about 
an hour by car, many are reluctant to 
spend the extra travel time. The neigh- 
bouring towns of Batavia, Aurora and St 
Charles are hardly famous for their cul- 
tural appeal. “Опе likes to go out to a 
nice restaurant once in a while", says 
Kesten. “After a few trips, you've tried 
them all". 

One bonus from living at Fermilab is 
the opportunity to visit Chez Leon, a 
restaurant run by Tita Jensen, wife of 
physicist Hans Jensen. Chez Leon is 
open only for lunch on Wednesdays and 
dinners on Thursdays, but visitors have 
been known to adjust their schedules to 
coincide with those times. 

Users are not alone in being faced with 
heavy travel schedules. During this peri- 
od of tight federal budgets, Fermilab 
project directors constantly find them- 
selves travelling to Washington to de- 
fend their fiscal needs. Two weeks ago, 
Peter Koehler and Paul Grannis, co- 
leaders of a new colliding beam detector 
known as D-Zero, made the pilgrimage 
to urge Department of Energy officials to 
release an additional $1 million to sup- 
port research and development efforts by 
the 125 collaborating institutions. While 
Koehler and Grannis are satisfied with 
the $7.1 million allocation in the 1986 
budget for D-Zero, they are concerned 
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that without additional money for their 
collaborators, work will fall behind 
schedule. But prospects for this extra 
money are not good. The Department of 
Energy has already used up most of its 
discretionary funds for this fiscat year. 

Fermilab director Leon Lederman was 
also in Washington recently. testifying 
before a House subcommittee on high- 
energy physics. Reagan administration 
budgets have treated Fermilab fairly gen- 
erously. With the commissioning of the 
Polarized Proton Beam and Target Sys- 
tem, expected within five months. Fer- 
milab will finish a $25 million upgrade to 
the fixed beam experiments. 

Tbe completion of the major Tevatron 
construction projects brought Fermilab's 
budget down to $169.7 million in 1986 
from $191.4 million in 1985. The govern- 
ment has proposed a 1987 budget of 
$190.1 million that will allow improve- 
ments to the antiproton Debuncher and 
Accumulator rings, as well as comple- 
tion of CDF and continued work at D- 
Zero. 

But Lederman believes that science tn 
general is ‘trembling at the edge of a 
decline'' like that of 1968. Lederman is 
especially concerned about the effects of 
the automatic cuts that may be required 
by the Gramm-Rudman deficit reduction 
act. ‘It will kill American science". says 
Lederman. He argues that most scien- 
tific efforts operate on a pattern of 
growth, and to apply the brakes sudden- 
ly can wreak havoc. Moreover. in a large 
facility such as Fermilab, many capital 
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Leon Lederman 


costs are fixed, and a 15 per cent cut in 
the overall budget can mean a 40 per cent 
cut in funds available for research. 

For the time being, Lederman belteves 
that Fermilab is "sittiag pretty". Until 
the Superconducting Supercollider is 
built, and Lederman believes it will Бе, 
Fermilab will provide the highest energy 
window into the particle physics world. 

Department of Energy officials con- 
cede it will be difficult to obtain the funds 
budgeted for Fermilab in 1987. But the 
prospect of losing funds for research is 
extremely frustrating for high-energy 
physicists who feel their subject is “іп- 
credibly juicy” right now. "Its like be- 
ing in an attic full of treasures", says 
Lederman, “апа we've opened only one 
box”. Joseph Palca 
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CORRESPONDENCE 


West German universities 


Sin— With nearly six years experience of 
the present “democratic” system in one 
West German university and after work- 
ing for 10 years in a US university (JVB) 
and 28 years in a UK university (GE), we 
believe that Stumpf! (Nature 319, 256; 
1986) overstates its deficiencies. 

The “democratic” committees (on 
which professors constitute only 50 per 
cent of the membership, even for the ap- 
pointment of new professors) are, as he 
claims, immensely time-consuming and 
inefficient. However, they provide an op- 
portunity, perhaps the only one, for stu- 
dents to counter the all-pervading attitude 
that the university exists primarily to sup- 
port the administration or the teachers 
rather than to educate the students. It is 
the rule rather than the exception that 
professors allow only one hour a week for 
individual contact with students (the 
weekly Sprechstunde); and there is fre- 
quently also little informal contact be- 
tween professors within one faculty or 
with the lecturers, there being no equiva- 
lent to the regular "lunchtime get- 
together" or the “common room". 

In our experience, the committees are 
not “...dominated by extreme left-wing 
activists”. The real power lies with one 
individual in the faculty, the dean and his 
tiny committee, the Dekanat. He is re- 
sponsible for all administrative duties (for 
example the teaching programme, finan- 


cial expenditure, the supervision of the. 


lecturers, the allocation of space, arrang- 
ingfor the appointment of new professors, 
safety, appeals against examination pro- 
cedures or results). 

Since these duties are so arduous (and 
incompatible with full-time teaching or re- 
search), the office is generally held for 
only one or two years — hardly long 
enough to learn how to perform the duties 
competently. Being ultimately respon- 
sible but insufficiently experienced, the 
dean may indeed adopt “populist 
measures” or have to “bow to the majority 
of the less qualified” to obtain committee 
decisions required to keep the faculty run- 
ning. v. 

Meanwhile, each professor is explicitly 
expected by all those who work with/ 
under him to advocate lines of action that 
will afford maximal gain to his particular 
section of the faculty; hence, self- 
interested pleading rather than consider- 
ation of the overall good characterizes the 
interminable committee discussion; and 
the dean, who may not himself be entirely 
disinterested, lacks the experience to hold 
out against merely clever arguing. 

On this analysis, it is not the “demo- 
cratic" system in itself that is at fault. 
Rather, the purposes of the university 
have been lost sight of (partly due to the 
sheer weight of the administrative paper 














work); and the day-to-day administration 
falls to those who do not remain in office 
long enough to learn to withstand those 
who push hardest. 
JOSEPHINE V. BROWN 
GEORGE ETTLINGER 
University of Bielefeld, 
4800 Bielefeld 1, FRG 


South Africa 


Sır—Would it be too much to hope for а 
cool and rational discussion of the issues 
raised by the banning of South Africans 
from the World Archaeological Con- 
gress? While there is indeed an issue of 
principle involved, as Bender ef al. insist 
(Nature 319, 532; 1986), the decision 
about what action to take should be made 
with a view to what is most likely to be 
effective. 

It is presumably this which lies behind 
the idea of “historical moments" in the 
lives of repressive governments, and 
makes it worth serious consideration. 
However, it also undermines the attempt 
of Bender and his colleagues to treat 
South Africa as uniquely awful because it 
institutionalizes apartheid. Mandelstam et 
al. (Nature 319, 715; 1986) are right to 
condemn them for failing to address the 
real issue. But they go on to ridicule the 
use of the "historical moments" argument 
against South Africa on the grounds that 
logically we should apply it to many other 
regimes as well. Although some of the 
examples they cite are strange — the only 
“mass slaughters that take place con- 
stantly in the Middle East” that I know of 
are part of the Iran-Iraq war, and they 
seem unaware of the recent change of 
government in Uganda — there is every 
reason for being prepared to treat other 
repressive regimes in the same way as 
South Africa's. 

There is no doubt that the attitude to 
South Africa of the left in Britain has long 
been distorted by hypocritical double 
standards. South Africa is very far from 
being the nastiest country in the world, or 
even in Africa. 

That said, there is a better prima facie 
argument for singling out South Africa at 
this particular moment than is acknow- 
ledged by Mandelstam et al. It does have 
democratic structures and institutions of a 
kind, and, pace Dr Slabbert, a legitimate 
opposition, and is thus more likely than, 
say, Paraguay or Syria to respond to boy- 
cotts and bans because, unlike them, it has 
a body politic capable of feeling the pres- 
sure. 

We should forget the shoddy behaviour 
and dubious motives characteristic of so 
many of apartheid’s foreign opponents 
among the fashionable left, and instead 
concentrate on what is most likely to bring 
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about desirable change in South Africa, 
and in the much more vicious regimes to 
be found in almost every continent. 

A. W. ANDERSON 
University of Oxford, 
Department of Biological Anthropology, 
58 Banbury Road, 
Oxford ОХ2 605, UK 


Sır—The recent letter from Bender et al. 
(Nature 319, 532; 1986) supporting the 
Southampton boycott of South African 
archaeologists is basically a purely politi- 
cal document, apparently expressing the 
view that the Botha government will trem- 
ble in its shoes when enlightened aca- 
demics stamp their feet. If only this propo- 
sition were true. The arguments presented 
appear to place little value on either scien- 
tific or educational considerations. How- 
ever as the letter comes from a university 
address, one must presume its writers are 
educationists, and so should be willing to 
state their position clearly as regards 
educational issues. 

As a pragmatic scientist and university 
teacher, it seems to me their position as 
educationists must be one of the follow- 
ing: 

(1) It is wrong to provide good quality 
universities in South Africa. If this is the 
stance, its basis presumably is that black 
people do not need a university education. 
(2) It is right to provide good quality uni- 
versities in South Africa, but those who do 
so should be penalized for their efforts. 
This stance seems to be straightforwardly 
contradictory. 

(3) Itis all right to provide undergraduate 
education in South Africa, but post- 
graduate education and research should 
not take place there. If this is the stance, it 
presumably means that the appropriate 
ceiling for black people is an under- 
graduate degree — which is just a sophisti- 
cated version of Dr Verwoerd's vision that 
they should be educated so far and no 
further. 

(4) Both undergraduate and graduate 
university education should be available 
to blacks in South Africa, but not to 
whites. This stance is both racist and emi- 
nently unpractical in terms of educational - 
realities. If this is indeed the stand taken, 
who will do the teaching, and where will 
the necessary reservoir of high-level aca- 
demics come from? 

In view ofthe destructive nature of their 
stance, your correspondents have an obli- 
gation to make their position clear. I 
should very much like to know which of 
these alternatives they support (or what 
other view they have of the education that 
should be available to the populace of this 
country). 

GeorGEF. R. ELLIS 
Department of Applied Mathematics, 
University of Cape Town, 
Rondebosch, Cape 7700, 
South Africa 


NATURE VOL. 320 3 APRIL 1986 





Infectious AIDS 


Str—The letter from the Drs Fox (Nature 
319, 8; 1986), and your leading article 
(319, 9; 1986), highlight the recent aware- 
ness that the virus known as LAV, HTLV- 
III, or ARV (hereafter called the AIDS 
(acquired immune deficiency syndrome) 
virus) often causes progressive encephalo- 
pathy. similar to that in the archetypal 
slow virus disease of sheep, maedi-visna. 
However, the generally accepted hypoth- 
esis that “the AIDS virus is plainly not 
particularly infectious" needs to be mod- 
ified slightly. Under special circumstances 
the virus is highly infectious. 

Infected people аге persistently 
viraemic, and they intermittenly shed in- 
fected lymphocytes in saliva, semen, 
bronchial secretions and tears. Serum 
contains up to 25,000 virions per ml 
(ref. 1), but virus is largely cell-associated 
in the other fluids, making them much less 
infectious than serum. However, AIDS 
virions remain highly infectious after 
seven days in water at room temperature, 
and retain some infectivity when dry for a 
week’. A few AIDS virions injected 
hypodermically into chimpanzees invari- 
ably infects them, and within two weeks 
their serum becomes persistently infec- 
tious. 

It is consequently unsurprising that the 
virus is spread rapidly by repeatedly re- 
used unsterilized hypodermics, and by 
sexual manoeuvres that damage the rectal 
mucosa of people who frequently change 
partners. Modern medical hypodermics 
are re-used in poor countries on a very 
large scale. For example. in four weeks in 
1976, the blood-borne virus causing Ebola 
fever swept though the 120-bed mission 
hospital in Yambuku, Zaire, because only 
five needles and five syringes were used 
each day for all ward patients, and about 
400 out-patients’. Injection was the pre- 
ferred route for all medication. A pan of 
water was used to rinse the hypodermics, 
which were boiled less than once a day. 

With similar practices widespread in 
Africa, Asia and South America, millions 
could be infected with the AIDS virus, 
brought to a continent by a single carrier, 
before anyone realized that it had arrived. 
The incubation period to illness lasts 
years, and early cases are lost amongst the 
diseases of abject poverty. 

Once a critical mass of people have 
been infected rapidly by highly efficient 
means of transmitting the virus, then trans- 
mission by far less efficient means will in- 
evitably occur increasingly ofte. These in- 
clude blood transfusions, perinatal trans- 
mission, biologically normal sexual inter- 
course, needle-stick injuries, chance con- 
tact of sores or abrasions with contamin- 
ated blood, saliva or sputum, mechanical 
transmission by blood-sucking insects and 
flies and routine dental procedures. AIDS 
patients who have no known "risk factor" 
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г form the third largest “risk group" for 

AIDS in the United States (6 per cent), 
į the second largest group in Western 
Europe and the vast majority in Africa. 
Postulating clandestine homosexuality or 
heterosexual promiscuity to explain these 
cases is unnecessarily speculative, given 
the properties of the virus. 

You mention some of the many similar- 
ities between the viruses causing AIDS 
and maedi-visna. If the long-term mortal- 
ity of infection also turns out to be similar, 
the AIDS epidemic is more than “a se- 
rious problem of public health”; it is the 
start of a pandemic slow virus disease with 
the potential to decimate mankind within 
a couple of decades. 

Jonn SEALE 





Royal Society of Medicine, 
1 Wimpole Street, London WIM 8AE, UK 


I. Levy, J.A. et al. Ann. intern. Med. 103, 694-699 
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2. Barre-Sinoussi, F., Nugeyre, М.Т. 4. Chermann. 
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Complex forests 


Str—The erroneous idea is becoming 
widespread that the remarkable forests 
being destroyed and in danger of extinc- 
tion round the tropics, subtropics and in a 
few temperate lands are rain forests, 
whereas they are often dry sclerophyll 
woods where the dead leaves crackle 
underfoot. The essential thing about them 
is not wetness; it is that they are all cohe- 
rent communities which are complex mul- 
tiple aggregations containing many quite 
different kinds of trees of all shapes and 
sizes dominated by lofty, often huge trees 
many centuries old, each bearing a large 
quantity of timber. Numerous different 
species of lianes, shrubs and flowering 
plants hang on the branches adorning the 
complexity. 

The roof of this kind of standing forest is 
a billowing surface of greatly varied height 
and shape, frequently overtopped by the 
crowns of the scattered dominants. Such a 
kaleidoscopic vegetation takes many cen- 
turies to mature, millennia even, and can 
never be replanted once it is gone. It is 
surprising that these ancient complex 
forests have kept the same habits of 
growth, shape and structure in so many 
different countries, each with its own uni- 
que combination of species. The soil be- 
neath is often poor and exhausted, and 
after the big trees are cut, the local mic- 
roclimate changes, and if the surface does 
not erode and disappear, nothing but 
weedy scrub will cover its wounds. 

Real rain forests blanket many square 
miles of the Southern Hemisphere among 
mountains where precipitation rates may 
reach 450 cm a year, where there is no dry 
season and everything is sodden. Nothofa- 
gus trees, all one species in any one place, 


























grow laced together to a uniform low to 
medium height, their twisted branches 
and exposed roots clad in a thick bryophy- 


| tic wrapping. Мапу ferns. saplings. 


shrubs, seedlings and a few flowering 
plants grace the interior. Such rain forests 
form a smooth green surface spreading 
over the country like a carpet, in strong 
contrast to the bubbling canopies of a 
complex forest. 

These two distinctly structured ty pes of 
forest, both of which may cover a range of 
climatic conditions and may abut without 
ever mixing, are better called “complex” 
and "blanket". Complex forests are al- 
ways ancient and if destroyed cannot be 
reconstituted. Blanket forests in contrast, 
with a single tree species in any one атса. 
are comparatively short-lived and may 
generate readily. 

GRELA St i SssoS 
Flat 3, Lockwood Court, 
76 Westwood Road, Southampton, UN 


Nature exploiters 


Sm—Lord Ashby, in his review of the 
book Pesticides and Nature Conservauon 
(Nature 318, 21; 1985). concludes that 
"there has to be a compromise between 
those who want to exploit the environ- 
ment for profit (either by growing crops or 
making pesticides) and those who want to 
protect it". He has, however. reversed the 
roles of the participants. 

Those who have become bloated by ex- 
ploiting the environment for profit arc 
groups such as the Audubon Society. the 
Sierra Club and the Environmental De- 
fense Fund. They have attained great poli- 
tical clout, huge staffs and bulkv portfolios 
of stocks and bonds financed by the dona- 
tions of frightened, misinformed citizens 
who were exposed to thc false allegations 
of pseudoenvironmentalists. Humanity 
should be included as a part of the en- 
vironment, and "those who want to pro- 
tect it" are thus the groups involved in 
growing crops and preventing illness and 
death resulting Бот — inscct-.borne 
pathogens. 

Lord Ashby categorizes John Sheail's 
book as "a record of missionary work by 
scientists" who have worked and lobbied 
on behalf of the environmental move- 
ment. Those "missionarics" paid scant 
heed to the hundreds of millions of human 
beings who were sacrificed as a result of 
their efforts, and it might be asked why 
they resorted to such unscientific methods 
as deliberately distorting or omitting all 
the data that refuted their allegations 
over, for example. the impact of DDT. 
Lord Ashby is certainly correct: "the story 
is not over yet". 

J. GORDON EDWARDS 
Department of Biological Sciences, 
San Jose State University, 
One Washington Square., 
San Jose, California 95192-0100. USA 
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Japanese psychiatry 
Sir—As the other visiting scientist named 
in the article by Alun Anderson entitled 
*Abuse for visiting scientists" (Nature 
315, 361; 1985), I would like to add to 
Kimio Moriyama's response (Nature 318, 
308; 1985). Dr Moriyama writes that his 
group did not “intend to visit the smaller 
meeting at Nagoya". At the smaller meet- 
ing, Dr Crow and I were the only two 
speakers to be scheduled and our pre- 
sentations were cancelled because the 
group of psychiatrists and their followers 
from Tokyo and Gifu were on their way to 
disrupt the meeting. Previous encounters 
had led to violent fights between the two 
groups. I fully agree witth Dr Crow 
(Nqture319, 172; 1986). I too am willing to 
have the abstracts of the cancelled meet- 
ing of the Japanese Biological Psychiatric 
Society, deemed by Dr Moriyama to be 
unethical, examined by an official Institu- 
tional Review Board. I hope that the 
Japanese psychiatric patients, abandoned 
by their families, will not be deprived of 
participation in psychiatric research. 

There are apparently some changes 
now to the betterment of patient rights 
and patient care in Japan. Changes like 
that are always too slow. Violent threats 
and intimidation belong to another era. I 
do not believe that anyone is served when 
psychiatrists go into fist fights to disrupt 
meetings. It will do nothing to remove the 
stigma attached to the mentally ill or to 
increase public support for reform. Pre- 
sumably, we are all involved, because we 
want to improve our patients’ lot and be- 
lieve in the principle of freedom of scien- 
tific information. 

DANIEL P. VAN KAMMEN 

Veterans Administration Medical Center, 
Highland Drive, 
Pittsburgh, Pennsylvania 15206, USA 





Wasting assets 

Sir—I recently attended a one-day inter- 
national meeting concerned with a fun- 
damental aspect of physics. For twenty- 
four hours I was free to do my proper job 
of thinking about science and how man- 
kind- can better understand the sensible 
. universe. Such is the contrast between this 
pleasant and productive interlude and 
what my life otherwise has become that I 
actually felt guilty at absenting myself 
from the usual Sisyphean labour of trying 
to overcome inadequacy of resources, dig- 
ging away at piles of unproductive paper- 
work, making meaningless returns and 
providing unvalidated “indicators” of per- 
formance. It was like attending a party in 
the penthouse of a building while the 
foundations are crumbling. 

` A number of overseas colleagues ex- 
pressed disquiet at the crisis in funding of 
British science and education, and even 
more at the crisis in morale resulting from 
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continual insults and deprecation, and our 
despair that the nature and importance of 
what we do will ever be understood. It 
became apparent that we have come to 
mistrust our politicians far more than do 
scientists of other countries. As a trans- 
atlantic colleague put it, while US politi- 
cians do indeed devote much attention to 
the need to be re-elected every few years, 
they are sophisticated enough to under- 
stand that pure knowledge and research 
are the seed-corn of what the culture and 
industry of their country will need in ten to 
thirty years’ time. 

By contrast, we encounter penny- 
pinching which is squandering a great 
national asset, once esteemed as among 
the finest in the world. The whole struc- 
ture of our institutions concerned with 
knowledge, from schools through univer- 
sities to original research, is in disarray. 
One can hardly doubt that if present poli- 
cies continue, then even apart from expli- 
cit support for research, we shall lack the 
structures that enable talented people to 
be educated and become the creative re- 
searchers of the future. 

In the absence of the new ideas gener- 
ated by research, we shall lack an essential 
ingredient needed for industrial prosper- 
ity in future decades. This situation has 
within it the seeds of Britain becoming a 
third world country, taking its ideas and 
industrial capital from more developed 
countries. 

The question is not whether we can 
afford what we spend on schools, universi- 
ties and research, but how a densely popu- 
lated island can afford to spend so little on 
cultivating its intellectual assets. The 
knowledge base of our culture and indus- 
try is in jeopardy so long as we invest less 
on it than we wager on horses. 

PETER FELLGETT 
University of Reading, 
Department of Cybernetics, 
3 Earley Gate, Whiteknights, 
Reading RG6 2AL, UK 





Creationism 

Sır—We have witnessed, again, the basic 
underlying view of creationism in D.H. 
Koobs’ letter (Nature 319, 172; 1986), 
where he shows four of the methods 
creationists commonly use during their 
assaults on science. 

First it is claimed that science does not 
have a complete understanding (which it 
never can) of important items such as the 
origin of life or the Universe, that these 
are some sort of boundaries to reality, that 
they are impermeable to human scrutiny 
and that since they are boundaries not 
crossable by science they are therefore, by 
default, proof of their presupposed super- 
natural creator. Nothing is potentially 
beyond science. 

' Secondly, Koobs brings science down to 
the creationists’ level by making the 





absurd statement that there are areas of 
science that are to be taken on faith. Ihave 
heard many creationists claim it is a grea- 
ter leap of faith to believe in evolution 
than it is to believe in creation. These 
people use that word incorrectly. Faith is a 
belief without evidence, and in the case of 
creationism it is a belief in spite of evi- 
dence. However, we all know that science 
accepts nothing on faith. 

Thirdly, Koobs gives the impression 
that reality is manifested by human emo- 
tions and desires with this statement: 
* ... who are free to choose which his- 
tory provides more meaning for life". No 
comment is necessary. 

Finally, misrepresentation runs ram- 
pant in creationism. Koobs is obviously 
referring to punctuated equilibrium when 
he claims that animals preserved ‘in the 
fossil record *occurred spontaneously" 
and trying to equate punctuated equilib- 
rium and spontaneous generation as acts 
of creation. ` 

Creationism and science will never be 


.two different ways of looking at reality. 


Creationists do their best to twist, lie, 
fabricate, misrepresent all they can of 
reality to deceive their followers and the 
lay public. 

J. RICHARD WAKEFIELD 
385 Main Street, 
Beaverton, Ontario, Canada LOK 1А0 





Animal deception? 


Sig—Several times recently I have read 
claims (most recently in Nature 319, 143- 
145; 1986) that animals practise decep- 
tion. There appears to be a strange logic at 
work here. 

First, we have a Cartesian animal, with 
a limited repertoire of behaviours. There 
is one behaviour called "alarm call", 
which the investigator has presumably de- 
fined very carefully by extensive observa- 
tion. 

Next, it is reported that the *alarm call" 
has been used for some other purpose. 
Instead of concluding that his initial de- 
finition of *alarm call" was too narrow, 
the investigator summons up another 
animal, one which uses the “alarm call”. 
deceptively. This second, non-Cartesian 
animal is thus implicitly given credit, or 
blame, for an act of choice, which invokes 
a presumption of self-consciousness, even 
an ethical being. 

Ruppell (the author's first citation) may 
have started this fad with his account of 
the “lying” mother fox. I believe the inves- 
tigator is deceiving the investigator here. 
At the very least, words like “deception”, 
with strong ethical connotations, seem out 
of place in this sort of context. 

HERBERT MCARTHUR 
Research Foundation of 
State University of New York, 
State University Plaza, 
Albany, New York 12246, USA 
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Icosahedral frustrations ahead 


The experimenters have been more successful in finding new examples of icosahedral symmetry than 
the theoreticians have been at interpreting these exciting data. 


IN the two years since the discovery of an 
alloy of manganese and aluminium with 
icosahedral symmetry by Schechtman, 
Blech, Gratias and Cahn, most of us have 
become more knowledgeable about cryst- 
allography, but are still perplexed to know 
. what icosahedral symmetry means. This is 
not to suggest that people have been idle. 
Making tiny samples of alloys other than 
the Schechtman alloy, but with the same 
unexpected symmetry, has been widely 
practised; electron and X-ray diffraction 
patterns with five- or tenfold symmetry 
have become familiar. 

People with a feeling for solid geometry 
have become even more expert at telling 
howicosahedra may be assembled into the 
shapes called tricontrahedra, while people 
like Pauling, with a sixth sense for how 
crystals are constructed, say the ground is 
familiar. [Pauling's first statement of this 
case (Nature 317, 512; 1985), which has 
been disputed, will soon be followed by an 
elaboration.] 

The difficulty remains that ordinary 
mortals have no way of visualizing the 
construction of an icosahedral crystal, 
called a quasicrystal because it must be 
aperiodic, by placing identical unit cells at 
the points in space defined by vectors such 
as those defining ordinary crystal lattices. 
There is no language in which to search for 
common ground. 

Disappointingly, the most promising 
candidate has now been used to suggest 
that the task of telling: the true structure of 
icosabedral crystals is virtually imposs- 
ible. This is one conclusion of the latest 
account by Per Bak, of Brookhaven 
National Laboratory, of his way of regard- 
ing icosahedral crystals as the projections 
on three-dimensional real space of crystal 
lattices of a more familiar kind construct- 
ed in six dimensions (Phys. Rev. Lett. 56, 
861; 1986). Last year, Bák's account of 
how structures with only vestigial sym- 
metry — such as the tiling of the two 
dimensional plane by two rhombi of dif- 
ferent shape — may be related to more 
symmetrical structures in a higher dimen- 
sion was one of the most stimulating fea- 
tures of the enquiry. 

The argument has general interest. An 
icosahedron is a solid with 20 faces, each 
of which is an equilateral triangle. One 
way of visualizing the figure is to construct 
a pair of pentagonal pyramids and to bolt 
them together, one pentagonal base to the 
other, with a ring of ten equilateral tri- 
angles joined head to toe. There are 


twelve vertices, all geometrically equiv- 
alent, at which the corners of five triangles 
come together. Icosahedral symmetry is 
characterized by a total of 120 symmetry 
operations. For making crystals, icosa- 
hedra are unsatisfactory building blocks. 
For one thing, it is impossible to fill three- 
dimensional space with them alone. For 
another, fivefold symmetry is literally in- 
compatible with an underlying lattice 
structure of the Bravais type. And then 
there is no simple way of describing such a 
lattice, even if it could exist, in terms of 
integral multiples of some set of independ- 
ent displacement vectors such as normally 
define the shape of a crystallographic unit 
cell. 

The last difficulty, more than a mere 
annoyance, is most simply illustrated by a 
hexagonal lattice in two dimensions as in a 
sheet of carbon atoms from a graphite 
crystal. The simplest description is in 
terms of a pair of vectors of equal length 
making an angle of 60 degrees with each 
other. A little scribbling will show that this 
choice allows the construction of a two- 
dimensional crystal lattice in which the 
smallest unit cell is a rhombus whose sides 
are three times as long as the basic hexa- 
gonal sides; each contains two complete 
hexagons and bits and pieces enough to 
make a third. 

So why not find a more natural descrip- 
tion reflecting the inherent hexagonal 
symmetry? The natural choice of basis 
vectors would be the set of three equal 
vectors defined in direction by the three 
hexagonal sides that meet at every vertex. 
An arbitrary choice must be made be- 
tween the two orientations of triple vert- 
ices that occur, but the more serious dif- 
ficulty is that the three vectors are not 
independent. (If their directions are 
chosen to point outwards from a triple 
vertex, their sum will be zero:) In effect, 
Bak's way of dealing with this difficulty is 
to pretend that the chosen vectors are in 
reality independent which, because there 
are three of them, means that they span 
thrée-dimensional space. As in an ordin- 
ary crystal, lattice points are then assumed 
to occur at all points represented by in- 
tegral multiples of the basis vectors, and 
the two-dimensional hexagonal pattern 
will be found by cutting a suitable two- 
dimensional plane through that three- 
dimensional lattice. 

Last year, Bak successfully applied this 
technique to the case of icosahedral sym- 
metry, where the natural basis vectors are 


a set of six drawn from the centre of the 
figure to each of the vertices of a pent- 
agonal pyramid chosen at random. (The 
other six vertices are reached by project- 
ing these vectors backwards.) It does no 
harm if this set of basis vectors are visual- 
ized as orthogonal axes in six-dimensional 
space. The most general description of 
this crystal is by means of a function repre- 
senting the likelihood that matter of a 
particular kind (manganese or aluminium 
atoms in the Schechtman case) will occur 
at some point in space, which must in turn 
be a periodic function reflecting the repet- 
itiveness of lattice displacements. The 
underlying icosahedral symmetry is re- 
flected in the way in which this density 
function can be represented by simple 
periodic functions such as sines and 
cosines; symmetrically equivalent Fourier 
coefficients are identical. 

Getting from here to the real world is 
not so simple. The six-dimensional lattice 
has icosahedral symmetry, but real three- 
dimensional space is not related to that 
pattern in a simple or even unique way. 
The trick is to classify the different ways in 
which the symmetry of the six-dimensional 
symmetry will show up on the three- 
dimensional “hypersurface” which is the 
real world. The answer is that the pos- 
itions of atoms in the real crystal will be 
determined by the intersection of a se- 
quence of three-dimensional “surfaces” in 
six dimensions with the real three- 
dimensional world (itself a hypersurface). 

Two conclusions are arresting. First, 
Bak shows that it is possible to recover the 
now-familiar Penrose tiling of the two- 
dimensional plane, and ия three- 
dimensional analogue, as special cases of 
his six-dimensional contruction. But he 
also shows that there are limitless other 
ways in which the appearence (in diffrac- 
tion patterns) of icosahedral symmetry 
may be generated. The implications of 
that are stark. There is no “simple math- 
ematical model" of the Schechtman alloy, 
and no alternative to the complete 
solution of six-dimensional crystal struc- 
tures for those who wish to know where 
the atoms are in these quasi-crystals. But 
Pauling, who argues for the twinning of 
unit cells unable otherwise to fill space. 
will be glad to note that Bak offers the 
distortion of the “natural” unit cell as one 
way of looking at icosahedral symmetry. 
What nobody has yet considered seriously 
is the energetics of these odd forms. 

John Maddox 
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Hot stars 


NEWS AND VIEWS 


Breaking through the wall 


jrom James B. Kaler 


STARS live such long lives that we cannot | 


, actually watch опе age, even over many 
human lifetimes. Birth-to-death changes 
wrought by time must be reconstructed by 
observing many different stars in varying 
states of decay, and linking them together 
by age estimates and theory. The course of 
stellar evolution has been charted quite 
successfully: we can recognize young stars; 
we know what their end products will be; 
and we can see and understand the natures 
of many of the intermediate states. Yet 
there are gaps in the record. The discovery 
by Atherton, Reay and Pottasch reported 
in this issue (Nature 320, 423; 1986) begins 

_ to fill one of the voids, by finally disclosing 
a member of a theoretically ксн 

. class of extremely hot stars. 

“Тһе subjects at hand are the stars in the 
intermediate mass range between about 
0.8 and 6— 10 times that of the Sun. Below 
the lower limit, the lifetimes are longer 
than the age of tlie Universe, so that none 
have yet died. Above the very insecure 
upper limit they explode. Those in the 
middle lead stable lives for a few billion 
years as they fuse hydrogen to helium in 
their cores, then go through a complex 
series of changes before expiring quietly 
as the incredibly dense remnants called 
white dwarfs. When the original hydrogen 
fuel is exhausted, the core contracts and 
heats while the outer envelope expands 
and cools to produce one of the commonly 
observed red giant stars. When the core 
temperature gets high enough, the helium 
created earlier can fuse to carbon, which 
for a while again stabilizes the star and 
allows the envelope to contract. On 
exhaustion of the helium, core contraction 
resumes, and the envelope expands once 
again into a giant state. Such a star can be 
so large (comparable to the inner Solar 
System) and the surface gravity so low. that 
matter can be expelled in a fierce wind 
that removes most of the outer envelope, 
considerably diminishing the stellar mass. 
A final expulsion of matter reveals a 

nearly bare core, which is overlain with 
thin nuclear burning shells of helium and/ 
or hydrogen, topped by a thin, non- 
reacting hydrogen skin. As this remnant 
envelope diminishes through winds and 
nuclear consumption from below, the 
surface temperature rises, and what is left 
of the star begins to contract. As it passes 
30,000 K it begins to produce enough 
ultraviolet radiation to ionize the last 
expanding ejectum, and we now see a 
planetary nebula, a glowing cloud of gas 
surrounding a hot blue nucleus. 

The stars are predicted to heat at a con- 
stant mass-dependent luminosity (Fig. 1) 








until they reach a maximum temperature 
also dependent on mass, whence they cool 
and dim as they head for their final states 
among the white dwarfs that abound in 

14M, 





log luminosity (solar units) 








log temperature ІК) 
Fig. 1 Evolution of planetary nuclei in temperature and 
luminosity as a function of stellar mass (in solar units, 
Mo). The lowest four curves ате from Schónberner 
(Astr. Astrophys. 79, 108; 1979 and personal commuui- 
cation, 1983), the next two from Paczyński (Acta Astr. 
21, 417; 1971), and the highest is an extrapolation. 
Dashed lines give the location of Zanstra’s wall, the 
high-temperature limit deduced from conventionally 
observed stellar magnitudes. (Adapted from R. A. 
Shaw, thesis, Univ. Ilinois, 1985.) 
space. This scenario is displayed with real 
nebulae in Fig. 2, where six planetaries are 
photographically placed at the same dis- 
tance dnd arranged from left to right 
roughly in order of evolutionary state. 
The ones at the top are younger and the 
first three are on the horizontal tracks of 
Fig. 1. For the middle two we see bright 
stars in small nebulae, as expected. But as 
a star heats and produces relatively more 
ultraviolet photons, its nebula brightens 
considerably while the optical luminosity 
diminishes, and the star becomes lost in 
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the glowing cloud. Thus, we see nebulae 
with no ‘apparent stars, as has been the 
case for the fourth object of the top line in 
Fig. 2, NGC2440, before the new work of 
Atherton and colleagues. Eventually, a 
nebula expands to the point where its 
now-cooling and much dimmer star is 
again revealed, as shown in the lower two 
photographs of Fig. 2. 

Because most of the stellar radiation i is 
in the far ultraviolet, temperatures from 
optical spectra are hard to find. Fortu- 
nately, we can use the fluorescing nebulae 
literally to count the number of ionizing 
photons, which when compared with op- 
tical luminosities, yield well-determined 
measures called. Zanstra temperatures. 
When coupled with estimates of distances 
we can compute intrinsic luminosities and 
overlay the results on the theoretical evo- 
lutionary tracks to test the theory. With 
the best available optical stellar magni- 
tudes (apparent luminosities), R.A. Shaw 
(thesis, Univ. Illinois, 1985). found a high 
temperature limit near 125,000 K, which 
he termed Zanstra's wall (outlined i in Fig. 
1). The stars of lowest mass fall nicely 
inside the wall, but those of higher mass 
become so hot that they cannot easily be 
found until they are quite dim: thus the 
gap in the observational record. 

There have been many false or insecure 
results that have placed stars beyond the 
wall. Abell (Astrophys. J. 144, 259; 1966), 
for example, gives . temperatures to 
250,000 K, but these are grossly inflated 
because of the unknowing inclusion of nit- 
rogen spectrum lines into the nebular 
brightnesses used to count stellar photons. 
Similar results have been derived from old 
and unreliable magnitudes, many of which 
seem to be erroneous. Other, indirect, 
methods use nebular ionization or.energy 
balance to infer high temperatures (for 
example, see Preite-Martinez А: & Pot- 
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Fig. 2 Evolution of planetaries illustrated by six nebulae set at the same distance. From left 
to right the objects proceed in the direction of the arrows in Fig. 1. 1C4997, Lick Obser- - 
vatory; NGC40, University of Illinois; NGC2440, Palomer Observatory; others, Kitt Peak 
National Observatory. (Pane! adapted from Kaler, J. B. Am. Sci. in the press.) 
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tasch, S. Astron. Astrophys. 94, 213; 1981), 
but the stars themselves are not directly 
examined. Satellite observations in the 
near ultraviolet indicate some extreme 
temperatures, but these result from ob- 
servational error and difficulty in under- 
standing the nature of the radiating stellar 
atmospheres. Atherton et al. (Astrophys. 
J. 232, 786; 1979) located what may be a 
star of more than 200,000 K in a nebula 
similar to NGC2440, NGC7027, but the 
identification is only tentative. 


NEWS AND VIEWS 


We see then the significance of the new 
work by Atherton and colleagues — for 
the first time such a hot star has been 
unambiguously seen, and its temperature 
measured. Now the wall has been truly 
broken, pioneering the technique neces- 
sary to fill in one of the few remaining 
holesinthe paths of stellar evolution. O 





James B. Kaler is in the Department of Astro- 
поту, University of Hlinois at Urbana- 
Champaign, 1011 West Springfield Avenue, 
Urbana, Illinois 61801, USA. 





Intracellular signalling 


GTP and calcium release 


from P.F. Baker 


CaLciuM is an important intracellular 
signal, key features of the system being 
the maintenance of a low concentration of 
free Cain the cytosol, usually in the region 
of 100 nM; the existence of pools of Ca, 
both intracellular and extracellular, at 
much higher concentrations; mechanisms 
for transferring Ca from these pools into 
the cytosol; and, finally, receptors in the 
cytosol that can respond to changes in free 
Ca in the 100—1,000 nM range. Although 
much is known about these receptors and 
how the various pools of Ca are estab- 
lished, surprisingly little is known about 
how Ca is permitted to move downhill 
from these pools into the cytosol. At the 
plasma membrane the problem seems to 
be solved by the existence of Ca channels 
that are gated either chemically or by 
voltage, and it has always seemed likely 
that something similar may exist to effect 
intracellular release; but only recently 
have possible mechanisms begun to 
emerge, one of which is presented by Gill 
et al. on page 461 of this issue’. 

The two major intracellular organelles 
that bind Ca are the mitochondría and the 
endoplasmic reticulum. Although their 
relative importance has long been de- 
bated, largely through the application of 
X-ray microanalysis to fast-frozen tissue, 
there now seems general agreement that 
in resting cells mitochondria contain 
rather little Ca but can sequester massive 
amounts should the cytosolic Ca begin to 
rise. In contrast, despite its relatively 
small Ca-binding capacity, the endo- 
plasmic reticulum looks the stronger can- 
didate for a high-affinity, physiologically 
relevant, intracellular Ca store. This 
comes as no surprise to muscle physiolo- 
gists, who have long recognized that the 
myofilaments of skeletal and cardiac 
muscle are surrounded by a highly special- 
ized derivative of the endoplasmic reticu- 
Jum — the sarcoplasmic reticulum, which 
serves to regulate the local Ca concen- 
tration to which the Ca-sensitive contrac- 
tile apparatus is exposed. Even in this 
tissue, however, which is apparently ideal 


for experimental investigation, there is 
still considerable uncertainty about how 
Ca is released. Likely mechanisms for 
coupling electrical excitation to Ca release 
continue to be dominated by variations of 
the electro-mechanical, charged-plug 
model first put forward more than 10 years 
ago by Schneider and Chandler. 

The rise to prominence of the endo- 
plasmic reticulum has brought new ideas 
about Ca mobilization and there now 
seems to be more known about the mech- 
anism of Ca release from this structure 
than from the sarcoplasmic reticulum. A 
major step forward was the discovery by 
Streb et al.*, rapidly confirmed in many 
laboratories, that the water-soluble mol- 
ecule inositol trisphosphate (IP,), a hy- 
drolysis product of the membrane lipid 
phosphatidylinositol bisphosphate, can 
release Ca from the endoplasmic reticu- 
lum of many cells. In one step, this pro- 
vided a link between membrane receptors 
and release of Ca from a major intra- 
cellular store. All subsequent work points 
to the existence in the eridoplasmic reticu- 
lum of some sort of IP,-gated calcium 
channel. The obvious and very interesting 
possibility that IP, may also be involved in 
releasing Ca from the sarcoplasmic reticu- 
lum of skeletal muscle (see the recent 
discussion in these columns‘) received 
some early and dramatic support but has 
so far failed to gain general acceptance. A 
subtle variant however, such as an IP,- 
type molecule as part of the Schneider- 
Chandler plug acting to release Ca via an 
IP,-type receptor in the sarcoplasmic 
reticulum is still an open possibility. In 
addition, by the isolation of nucleotide- 
gated channels, Smith et ai.° have given 
new impetus to the search for physio- 
logically relevant, chemically gated Ca 
channels in the sacroplasmic reticulum. 

Now, Gill et al.’ interpret some very 
interesting new data in terms of another 
mechanism. Working with a detergent- 
permeabilized neuroblastoma cell line, 
they report that approximately half of the 
Ca accumulated by a store, presumed to 








395 





be the endoplasmic reticulum, can be 
released by exposure to micromolar con- 
centrations of GTP. This very clear effect 
is highly specific for GTP and cannot be 
mimicked by non-hydrolysable analogues 
suggesting that GTP hydrolysis might be 
an essential part of the Ca-release process. 
GTP-dependent release is temperature- 
dependent and can be inhibited competi- 
tively by GDP. The authors make a 
plausible case for the involvement of a 
GTP cycle in the control of caicium per- 
meability in the endoplasmic reticulum of 
neuroblastoma cells. They fail to explain, 
however, why their system is not perma- 
nently activated by the levels of GTP 
always present inside these cells. 

What is the relation between GTP- 
induced and IP,-induced Ca release? The 
authors claim they are two separate 
systems. Thus, although IP, is active in 
their cells, its effects are not inhibited by 
GDP and exhibit a different temperature 
dependence from GTP-induced release. 
Although suggestive, these arguments are 
not compelling and, as the authors admit, 
it is possible that the IP, and GTP- 
dependent systems for releasing Ca may 
prove to be closely related. The finding of 
Dawson’ that IP,-induced release is 
strongly stimulated by GTP might be 
highly significant in this respect. GTP- 
binding proteins are fast coming to occupy 
a central position in coupling membrane 
events and their classic role in coupling 
occupied receptors to cyclase activation 
now finds parallels in the activation of 
phospholipase C and even the opening of 
channels”, so there is ample precedent for 
a similar role in effecting Ca release from 
the endoplasmic reticulum. According to 
this view, the preparation of Gill etal. may 
contain an endogenous ligand that can, in 
the presence of GTP, open Ca channels in 
the endoplasmic reticulum. The require- 
ment for both GTP and an unknown 
ligand would both circumvent the tricky 
question of why physiological levels of 
GTP do not keep the channels open per- 
manently and focus attention on the 
nature of the hypothetical intracellular 
ligand, the binding of which is coupled by 
GTP to channel opening. If such a ligand 
exists, it could still be IP, or a close rela- 
tive. The onus seems to be on Gill and his 
colleagues to prove it does not exist. m 
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Earth sciences 


—————— NEWS AND VIEWS 


Growing stromatolites 


from Peter J. Smith 


ConTRARY to popular belief, terrestrial 
life did not begin at the start of the Camb- 
rian, about 600 million years (Myr) ago, 
or even during the few hundred million 
years immediately preceding it. The 
Precambrian- Cambrian boundary simply 
represents the time at which abundant 
organisms developed hard parts capable 
of leaving fossil remains. Evidence for 
what meagre life there was during most of 
the Precambrian exists not as skeletons 
and shells but largely as stromatolites, 
sedimentary structures produced by the 
activity of blue-green algae. A new discov- 
ery by Gomes (Trans. geol. Soc. S. Afr. 
88, 1; 1985) reminds us that stromatolites 
differ from many organisms in the fossil 
record in that they are still being produced 
in limited numbers today, giving some 
insight into the Precambrian conditions 
under which they developed. 

It is highly probable that the most prim- 
itive terrestrial organisms originated as 
long ago as the Hadean, the interval be- 
tween the creation of the Earth and the 
formation of the oldest known rocks 
(about 4,600—3,800 Myr ago): there is 
certainly evidence for very ancient life in 
the form of microscopic filaments and 
cells of bacteria and blue-green algae in 
South African chert deposits at least 3,200 
Myr old. Stromatolites are more import- 
ant than these insofar as, having hard 
(albeit inorganic) parts, they have greater 
survival potential and are thus more 
common. Walter (Stromatolites Elsevier, 
Amsterdam; 1976) defined them formally 
as “organo-sedimentary structures pro- 
duced by sediment trapping, binding 
and/or precipitation as a result of the 
growth and metabolic activity of micro- 
organisms”. In other words, they are not 
fossils at all in the conventional sense in 
that they are not primary organic remains, 
although without organisms they would 
not have been able to form. They are 
traces of past life much as burrows and 
tracks are, although more substantial than 
either. В 

The organisms involved іп the genera- 
tion of stromatolites are usually blue- 
green algae which, being filamentous, 
attract and bind surrounding particles of 
carbonate into an algal mat. The algae 
then extend their filaments throughout 
the newly accreted carbonate layer, 
attract more particles, and thus expand 
into thinly laminated structures which can 
be of considerable overall size. (The 
largest known forms are mounds hun- 


dreds of metres across and tens of metres . 


high.) The algal layers themselves are sel- 
dom preserved, of course; but the carbon- 





ate accretions often survive in various dis- 
tinctive forms, such as tabular, domed, 
branch-like and columnar. 

Stromatolites were produced during the 
Archaean (earlier than 2,500 Myr ago), 
reached their peak of abundance and di- 
versity during the Proterozoic (2,500—600 
Myr), and thereafter declined, although 
they are sometimes encountered in the 
Phanerozoic. Indeed, they are still being 
generated today in a few suitable marine 
and freshwater environments; modern 
examples are not so common that new 
discoveries are of merely routine interest. 
Despite a resurgence of interest in stro- 
matolites during the past 20 years, the 
influences on their formation are still un- 
clear, a point worth remembering in view 
of the many problems to which stromato- 
lite data have been offered as solutions. 
Claims for the use of such data have been 
made in almost every branch of the earth 
sciences and even in astronomy, but .as 
Hofmann (Earth-Sci. Rev. 9, 339; 1973) 
has pointed out, not all the conclusions 
rest on sufficiently strong evidence to war- 
rant their acceptance. 

The new discovery by Gomes of two 
types of stromatolite currently growing in 
South Africa is thus of considerable in- 
terest, not least because the study reveals 
in detail the conditions under which 
growth is taking place. The site in question 
is a collapse sinkhole, Wondergat, in 
dolomite sediments in the western Trans- 
vaal. The hole has a cross-sectional area of 
about 2,000 т? and is about 50 m deep at 
the centre, although two long caves run- 
ning off from the bottom edge extend the 
overall depth to about 70 m. More cruci- 
ally, running off from the side wall at a 
depth of about 20 m is a smaller cave that 
has been dissolved into the boundary 
between the dolomites of the upper 20 m 
and the dolomitic limestone (with chert 
bands) underlying them. 

The sinkhole contains fresh, clear water 
at a depth of about 10 m and a tempera- 
ture of 21 + 4°C. The pH value of the 
upper 15 m of water (the depths at which 
stromatolites grow) is between 7.38 and 
7.76, the Ca” concentrations vary from 53 
to 68 p.p.m (parts per million) and Мр? 
concentrations range from 2.7 to 3.4 p.p.m. 
Water movement is slight, and natural 
visibility is high at distances of 10—15 km. 

It is not possible to tell which of these 
chemical characteristics are necessary for 
stromatolite growth. For example, if all 
other circumstance were to remain un- 
changed, would stromatolites grow if the 
pH of the water were, say, 7.2 or 7.9? Or 
to put the question in a slightly different 
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way, is the greatest depth of stromatolite 
growth governed solely by the ability of 
sunlight to penetrate and hence to allow 
the photosynthesis necessary for the pro- 
duction of the algae, or is it also defined or 
limited by one or more of the chemical 
properties of the water? 

As for the stromatolites themselves, 
tabular ‘crinkled’ forms grow abundantly 
on the dolomite side walls of the sinkhole 
in the upper 15 m of water. They are 15 – 
20 mm thick; light-brown to greenish in 
colour; soft and spongy; and, apart from 
the living algae, consist mainly of CaCO,. 
Columnar stromatolites grow on the roof, 
walls and floor of the first 20 m of the 
smaller cave and in crevices in the wall of 
the main sinkhole. These vary in thickness 
from a few millimetres to a few centi- 
metres; are the same colour as the tabular 
forms; and similarly consist mainly of 
CaCO,, although they are hard, in con- 
trast to the tabular stromatolites. The 
form of stromatolite appears to be 
governed by the range of genera involved, 
which is in turn influenced by the degree 
of sunlight available. Tabular forms grow 
where the light is brightest and columnar 
forms where it is relatively dim. 

One curiosity of the Wondergat stro- 
matolites is that they seem to need perm- 
anent submersion for survival and growth. 
If the water level falls, the exposed stro- 
matolites rapidly desiccate. In this respect 
they differ from ‘typical’ stromatolites, 
which are thought to form with episodic | 
immersions to allow the alternating layers 
of algae-rich and carbonate-rich material 
to be built up. There seems little doubt 
that most known stromatolites were 
generated in shallow-water zones where 
tides are the clearly recognizable agents 
for the periodic transport of sedimentary 
particles into the algal mats. 

There have been previous claims for the 
discovery of deep-water stromatolites. 
Achauer and Johnson (J. sedim. Petrol. 
39, 1466; 1969), for example, concluded 
that stromatolites associated with a late 
Cretaceous reef in Texas must have been 
generated in deep water. In such a case, 
the influx of carbonate particles would not 
necessarily be sedimentary in nature. It is 
well established that photosynthesis by 
algal colonies can, by removing CO, from 
the water, increase the pH and accentuate 
the precipitation of CaCO, which then 
intermingles with the algae. 

Gomes himself makes little comment 
on the wider implications of his data, 
which is perhaps wise. Modern stromato- 
lites are quite rare, and freshwater occur- 
rences make up only a very small fraction 
of the total, calling into question whether 
the Wondergat find is in fact typical of 
stromatolites. LH 


Peter J. Smith is Reader in Earth Sciences at the 
Open University, Milton Keynes MK7 6AA, 
K. 
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NEWS AND VIEWS 


Transposon tricks revealed 


from Andy Flavell 


Tue mobility of DNA sequences called 
transposons that can move around within 
the chromosome of a cell and its progeny 
has many genetic consequences. One par- 
ticularly interesting transposon is the P 
element of the fruitfly Drosophila 
melanogaster, which is transposed (insert- 
ed at a new site on the chromosome) at a 
very high frequency. P elements are 
especially fascinating because they only 
transpose in a particular genetic environ- 
ment; thatis to say they are mobilized only 
when the transposon is placed in an egg 
that has no P elements already present. 
Mobilization occurs only in the germ line 
of the developing embryo (somatic tissue 
is unaffected). Results reported in two 
recent papers'” expose the way in which 
the P element achieves this. 

Like all autonomously mobile ele- 
ments, the P element encodes a transpos- 
ase enzyme which mediates its transpo- 
sition. Studies by Rubin's group have 
shown that P elements contain four open 
translational reading frames, each of 
which is necessary for transposase 
function’. It therefore seemed very likely 
that the entire protein-coding portion of 
the P element specified a single transpos- 
ase enzyme. To determine whether the 
restriction of P transposition to germ tis- 
sues is caused by a transcriptional block, 
Laski, Rio and Rubin! have now replaced 
the P-element promoter with a heat shock 
protein (hsp 70) promoter known to be 
active in many tissues. Following the in- 
troduction of this construct into the 
Drosophila germ line, massive amounts of 
P-element RNA are synthesized in somat- 
ic tissues of flies descended from trans- 
formed parents, but no somatic transposi- 
tion is observed. Furthermore, a study of 
natural P-element transcription revealed 
that the P promoter functions perfectly 
well in somatic tissues. The authors there- 
fore reasoned that P transposition must be 
repressed at a post-transcriptional stage. 

To resolve this problem the authors 
embarked on a detailed study of P trans- 
cription in somatic tissues (it is technically 
almost impossible to obtain sufficient 
quantities of germ cells from Drosophila 
embryos for transcript analysis). They dis- 
covered that the first three long open 
reading frames of the element’ were splic- 
ed to each other as predicted but that no 
detectable splice existed between the third 
and fourth open reading frames (see 
figure). Therefore, a polypeptide synthe- 
sized from the RNA would be terminated 
by a stop codon before reaching the final 
reading frame, generating a protein of 
relative molecular mass 66,000 (66K). But 








work from the same laboratory’ had 
already shown this last reading frame to be 
essential. Laski, Rio and Rubin! therefore 
hypothesize that the block to P transpos- 
ition lies in RNA splicing — in somatic 
tissue only a non-functional downstream 
truncated protein is synthesized; perhaps 
in germ tissue the last splice is correctly 
made to generate active transposase. 

To test this hypothesis the authors 
removed the offending intron at the DNA 
level by oligonucleotide site-directed 
mutagenesis. The mutated P element 
(hsp-PA2-3) was then introduced into the 
Drosophila germ line and shown to be 
functional in both germ and somatic tis- 
sues, causing somatic mosaics. 
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The P element has four long open reading 
frames (ORFs). The somatic splicing pattern of 
the P-element RNA (Ps) generates a 66K poly- 
peptide. The putative germ-line splicing of the P 
element (Pg) generates an 87K protein. The 
eight base duplications of host DNA (>) flank- 
ing the element are marked. 


The successful release of P transposase 
from the shackles imposed on its expres- 
sion gave Rio, Laski and Rubin’ the op- 
portunity to study this enzyme. Introduc- 
tion of hsp-PA2-3 into cultured Droso- 
phila cells results in the inducible synthesis 
of large amounts of an 87K protein. The 
nature of this protein was confirmed 
immunologically using antisera raised 
against P open reading frame polypep- 
tides, and enzymatically by an elegant 
transposition assay using excision of a P 
element from the Escherichia coli В- 
galactosidase gene on a rescuable shuttle 
vector. The authors, with commendable 
modesty, ‘tentatively’ refer to this poly- 
peptide as the transposase. In line with 
their earlier interpretation, the element 
containing a normal complement of in- 
trons can only direct the synthesis of a 66K 
protein that lacks transposase activity. 

The possibilities for further study on P 
transposase are now readily evident. Bulk 
preparation of active transposase, either 
from Drosophila or bacterial cells, will 
allow a thorough biochemical study of the 
enzyme and the in vitro dissection of the 
transposition mechanism. To whet our 
appetites, Rio et al^ used the excision 
products of the rescued shuttle vectors to 
demonstrate the effect of alterations to 
the flanking eight-base duplications of the 
P element on the fidelity of excision. They 








discovered that this perturbation yielded 
only imprecise excisions as opposed to a 
25 per cent level of precise excisions of the 
normal element. The reason for such high: 
imprecise excision of even the normal P 
element is unknown, but similar results 
are found in other transposons in plants’. 
Alternative splicing pathways are well 
known nowadays, but an all-or-none 
splicing event is much rarer. What is the 
function of the 66K protein? Rio er ul. 
point out that a tentative DNA-binding 
domain of this protein is present in both 
(66K and 87K) proteins and suggest that 
the 66K protein may inhibit P clement 
tranposition by competing with trans- 
posase for the termini of the element or by 
direct protein-protein interaction. The 
fact that P elements are apparently exp- 
ressed in somatic tissues as a non-funct- 
ional polypeptide seems wasteful. Could it 
have a function in the germ cells? Co- 
injection of a mutated P element that 
could produce only the 66K protem, 
together with a helper-P element. produces 
germ-line transformants'. suggesting that 
the 66K protein does not completely in- 
hibit transposase function in germ cells. 
Happily, models for the functions of these 
proteins can be tested now that they can 
each be produced in large amounts. 
There are several lines of circumstantial 
evidence to suggest that P elements are 
not native to D. melanogaster but have 
invaded the organism in the past few 
hundred years. Many D. melanogaster fly 
stocks lack functional P elements and they 
are missing from closely related sibling 
species. But they are present in the dis- 
tantly related D. paulistorum*, suggesting 
a horizontal transmission event. The 
rampant transposition of this element 
when introduced into D. melanogaster 
flies lacking the P element suggests that P 
elements are less fully adapted to their 
host than the more placid retrotranspo- 
sons such as copia and gypsy. Perhaps P 
elements have not yet developed a germ- 
line specific promoter but have been able 
to take advantage of a pre-existing splicing 
control mechanism to protect the somatic 
tissues of their host from their ravages. 
One final exciting possibility mentioned 
by the authors is that hsp-PA2-3 may 
transpose in cells from organisms other 
than Drosophila, perhaps even in the 
germ line and soma of vertebrates. If this 
turns out to be true then all the advantages 
given to Drosophila genetics by the P 
element will be available to vertebrate 
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Contrasuppressor cells and 


oral tolerance 
от К.В. Taylor 


AMONG the subtle regulatory tasks re- 
quired of the immune system is adjust- 
ment of the modality and magnitude of an 
immune response to suit the anatomical 
locality in which it is to take place. A good 
example of this ability is oral tolerance — 
immune responsiveness to antigens at 
muscosal surfaces with a much reduced 
response to systemic challenge with the 
same antigens'. The value of this mechan- 
ism is probably to prevent systemic aller- 
gic responses to food antigens without 
compromising local defence of the muc- 
osae. The demands of such subtle func- 
tions should have prepared us for the 
further complexities in immunoregulatory 
mechanisms that continue to be revealed. 
One of these, which has now come to stay, 
is the contrasuppressor circuit’. I. Suzuki 
and co-workers, on page 451 of this issue, 
now report data implicating contrasupp- 
ression in the maintenance of oral toler- 
ance’. 

As so far defined in mice, this circuit 
comprises T lymphocytes called contra- 
suppressor cells whose end function is to 
neutralize the inhibitory action of T-sup- 
pressor cells on the T-helper cell popula- 
tion. One of the cells necessary for contra- 
suppression has a distinctive surface 
phenotype and the property of adherence 
to Vicia villosa lectin. These cells have 
been found in various lymphoid organs in- 
cluding Peyer's patches and seem to play 
a part in selection of the modality (contact 
sensitivity or antibody production) of the 
response to the trinitrophenyl hapten’. In 
man there is evidence of contrasuppres- 
sion in cultures of peripheral blood lym- 
phocytes responding to an antigen from 
the oral bacterium Streptococcus mutans. 
The cells responsible for this activity were 
shown to bind antigen and V. villosa lectin 
and carry the surface markers T8, 13 and 
Ia (see ref. 5 for review). 

The work now reported by Suzuki et al.’ 
builds on the earlicr finding in the same 
laboratory that oral tolerance could be 
induced in C3H/HeN mice but not in the 
congeneic strain C3H/HeJ which differs at 
a locus determining the ability to respond 
to bacterial lipopolysaccharide. In the 
present work, mice of both strains are sub- 
jected to prolonged oral immunization 
with sheep red blood cells (SRBC). Oral 
tolerance develops in the C3H/HeN mice 
but can be broken by transfer of T-cell 
fractions enriched for contrasuppressor 
cells taken from the spleens of the C3H/ 
HeJ mice — to result in the development 
of anti-SRBC antibody-forming cells of all 











the major isotypes in the recipient spleen. 
Very small numbers of contrasuppressor 
cells (5 x 10*) are effective. Oral tolerance 
to SRBC is also shown by C3H/HeN 
spleen cells in vitro, and is similarly abro- 
gated by the inclusion of contrasuppressor 
cells in the cultures. On the basis of vari- 
ous methods to enrich or deplete the 
active cells, it was concluded the contra- 


suppressor cells resemble those originally: 


described. The fact that oral tolerance to 
SRBC is lost in the presence of contra- 
suppressor cells indicates clearly that T- 
helper cells are present but controlled by 
suppressor cells. If this suppression is neu- 
tralized by the contrasuppressor cells then 
T-helper cells can become active. 

The phenomenon of local immune res- 
ponses in the gut coexisting with oral tol- 
erance has been described as “an island of 
responsiveness in a sea of suppression". 
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The challenge now is to find out what 
elements of the system are sufficiently 
localized to determine the geography of 
this island. Restricted migration of con- 
trasuppressor cells from the gut seems 
unlikely as these cells are found in the 
spleens of the C3H/HeJ mice after oral 
immunization. Instead one may need to 
look at the populations of cells which, 
once primed, return to the mucosae to 
function in local immunity. It may be that 
there is a defect in the return of T-suppres- 
sor cells relative to the other types. The 
growing interest in mucosal immunization 
is to be welcomed because the mucosal 
route is after all the commonest, whereas 
intraperitoneal immunization rarely 
occurs outside the laboratory — except 
perhaps in the bull-rings of Seville’. o 
1. Challacombe, S.J. & Tomasi, T.B. J. exp. Med. 152, 1459 
2. Green, D.R., Flood, P.M. & Gershon, R.K. A. Rev. 
Immun. 1, 439 (1983). 
3. Suzuki, I., Kiyono, H., Kitamura, K., Green, D.R. & 
McGhee, J.R. Nature 320, 451 (1986). 
4. Ptak, W., Bereta, M. Marcinkiewicz, J., Gershon, R.K. & 
Green, D.R. J. Immun. 133, 623 (1984). 
5. Lehner, T. Immun. Today (in the press). 
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. Coutinho, A., Formi, L., Holmberg, D., Ivars, F. & Vaz, N. 
Immun. Rev. 79, 151 (1984). 
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Astronomy 


A hidden quasar revealed 


from C. Martin Gaskell 


Ir has long been realized that the quasar 
phenomenon encompasses many orders 
of magnitude in luminosity, ranging from 
the brightest quasars, which far outshine 
the galaxies they are in, down to the mildly 
active nuclei (often called mini-quasars) 
of relatively normal galaxies like our own, 
that have luminosities comparable with 
the brightest stars. Despite the énormous 
range in energy output (a factor of at least 
10") there are many features that all these 
active nuclei possess in common; the most 
important is a spectrum with (roughly) 
constant energy per decade of frequency 
in the entire range from millimetre 
wavelength radio waves to X-ray (and 
probably y-ray) energies. Does this mean 
that all such ‘active’ galactic nuclei are 
manifestations of the same basic quasar 
mechanism? The answer in recent years 
has been an increasingly firm yes. And 
R.R.J. Antonucci and J.S. Miller’ have 
now made observations greatly strength- 
ening our belief in the unity of quasar 
activity. 

The quasar family is divided into several 
genera and species on the basis of the 
strength and nature of the radio emission 
and the optical emission line spectrum. 
One of the more important species is the 
Seyfert 2 galaxy. A Seyfert galaxy has 
emission lines whose Doppler broadening 





exceeds the velocities of normal interstel- 
lar gas and stars in the rest of the galaxy. 
Khachikian and Weedman’ sub-divide 
Seyfert galaxies into two classes: Seyfert 
1, where ionized gas moves very rapidly 
(velocities of a few per cent of the speed of 
light); and Seyfert 2, where the ionized gas 
moves only slightly faster than the stars in 
a typical galactic nucleus (an order of mag- 
nitude slower than in Seyfert 1 galaxies). 
Seyfert 1 galaxies are clearly closely re- 
lated to the bright quasars. The dense 
rapidly moving gas producing the strong 
broad emission lines (the so-called broad- 
line region) is an intimate part of the 
quasar phenomenon. It is found at radii as 
small as a few light days from the energy 
source in some Seyfert 1 galaxies’ (only a 
few times bigger than the Solar System) 
and is seen in all bright quasars. Why is it 
not seen in Seyfert 2 galaxies? There are 
two probable reasons: either the dense gas 
is somehow hidden; or it is absent, in 
which case Seyfert 2 galaxies could be fund- 
amentally different from bright quasars. 
In the past few years it has been realized 
that Seyfert 1 galaxies can masquerade as 
Seyfert 2 galaxies either by temporarily 
turning off their photoionizing continuum 
(see, for example, ref. 4) or, in some cases 
by having a lot of dust obscuring their 
innermost regions** (dust is certainly pre- 
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Spectra of NGC1068 showing total flux (top) 
and polarized flux (bottom). The hidden broad 
lines are only revealed in the polarized light. 
(Adapted from ref. 1.) 


sent in most Seyfert 1 galaxies). But the 
difference between Seyfert 1 and Seyfert 2 
galaxies is more fundamental than the 
latter simply being turned-off or hidden 
Seyfert 1 galaxies as the latter have more 
powerful and extended radio emission’. 
New optical spectropolarimetric obser- 
vations of NGC1068 by Antonucci and 
Miller’ have gone a long way towards 
answering the question of what is a Seyfert 
2? NGC1068 is the brightest and nearest 
Seyfert 2 galaxy showing little variability 
and with no obvious heavy dust obscura- 
tion in the nuclei (see figure). It is thus a 
‘pure’ Seyfert 2. Antonucci and Miller 
have obtained high-quality spectropolar- 
imetric data with the Lick Observatory 
120-inch telescope. Looking at only the 
polarized light they made a remarkable 
discovery — the light shows the unmistak- 
able spectrum of a Seyfert 1, or quasar, 
with its high-density rapidly moving gas. 
This prototypical Seyfert 2 therefore con- 
tains a hidden quasar, which is revealed 
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because, although the light from the in- 
nermost region cannot reach us directly, it 
can scatter off free electrons around the 
active region. This scattered light, 
although feeble, is highly polarized. 

The photoionizing continuum light that 
can be observed must be reaching us in the 
same indirect way, as it shares the same 
polarization as the hidden broad lines. 
Antonucci and Miller conclude that the 
central quasar is probably hidden by a 
large, thick, doughnut-shaped disk whose 
hole corresponds to the axis of ejection of 
the radio-emitting plasma (it has long 
been known that the optical polarization 
angle of quasars is related to the orienta- 
tion of the radio structure*’). Their 
observations are the best evidence so far 
that such disks exist. 

The Lick Observatory discovery is 
therefore important for at least two 
reasons: it tells us a lot about the 
architecture of Seyfert 2 nuclei; and it also 
strengthens the case for the basic unity of 
all species of the quasar family and 
emphasizes the importance of broad-line 
regions. What is happening at the centre 
of NGC1068, as revealed in the ghostly 
polarized optical spectrum, looks exactly 
the same as what is going on in any bright 
quasar. 
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Plate tectonics 


Deformation of continents 


from Philip England 


ALTHOUGH many geologists now claim at 
least a broad understanding of the rules 
governing the global plate-tectonic sys- 
tem, few would be so bold about the dyna- 
inics of the large mountain belts that mark 
the convergence of continental portions of 
the plates. In contrast to the oceans — 
where the acquisition of major new sets of 
data led rapidly to the theory of plate tec- 
tonics — the problem in interpreting the 
geological record on land appears to be an 
excess of observations, and a lack of a 
unifying framework in which to view 
them. In part, this problem arises because 
the success of plate-tectonic theory in the 
oceans tempts one to apply the same rules 
to the continents, but although plate 
motion is responsible for continental 





collision, the resulting deformation does 
not appear to be explicable by the relative 
motion of a few rigid plates. Characteriz- 
ing the deformation in a more useful 
fashion is difficult because of the number 
of different perspectives with which 
mountain belts are viewed. 

A recent meeting" brought together 
petrologists, structural geologists and geo- 
physicists to discuss theory and obser- 
vation of orogenic (mountain- -forming) 
belts. The most contentious issue was the 
configuration of deformation and meta- 
morphism, with most advocating the view 
that continental tectonics is the relative 
movement of many rigid blocks, but a few 





*Tectonic Settings of Metamorphism Royal Society Discussion 
Meeting, 29-30 January 1986. 
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wishing to view it as a quasi-continuous 
process. The observations receiving most 
emphasis were those that bore on this 
question, those relating to the physical 
conditions of metamorphism and those 
suggesting that extensional tectonics may 
be important in the preservation of meta- 
morphic assemblages generated in com- 
pressional orogenic belts. 

The inference, from the compositions 
of minerals formed under disequilibrium 
conditions in transient thermal regimes, of 
the heat sources for metamorphism is a 
long-standing problem in petrology, and 
one that seems to become less tractable as 
more (and more sophisticated) data be- 
come available. Much of the complexity in 
the metamorphic record results from syn- 
to post-tectonic movements (for example, 
faults, shear zones and doming) on a scale 
that is much smaller than that of the crust 
asa whole, and disproportionate attention 
is paid to such metamorphically compli- 
cated regions (B. Hart and T. Dempster. 
Edinburgh University; A. Thompson and 
J. Ridley, Federal Institute of Tech- 
nology, Zürich). These zones of disrup- 
fion often bound larger regions that 
record relatively simple metamorphic 
histories which, although they may be less 
challenging to the thoroughbred petrol- 
ogist, are more likely to elucidate the 
thermal conditions of metamorphism. 

The continental lithosphere deforms 
over regions of hundreds of thousands of 
kilometres in width, but seismic and geo- 
detic observations show that, within the 
brittle upper crust, this deformation is 
broken up on a scale of a few to a few tens 
of kilometres (J. Jackson, Cambridge Uni- 
versity; R. Walcott, Victoria University, 
Wellington) and metamorphic observa- 


-tions show a similar scale of fragmentation 


(B. Harte and T. Dempster; A. Thomp- 
son and J. Ridley; B. W.D. Yardley et al.. 
Leeds University). Some participants, in- 
cluding M. Parmentier (Brown Univers- 
ity) and myself, held that this scale is suffi- 
ciently small, compared with the total size 
of deforming belts, that some understand- 
ing of the dynamics could be obtained by 
treating the continents as continuous 
media, but much of the discussion (fo- 
cused by E. Artyushkov, USSR Academy 
of Sciences, Moscow) found this an over- 
simplification. 

The tectonic history of New Zealand 
seems to exemplify all the complexity that 
is claimed for the deforming continents: 
since the Eocene, relative motion be- 
tween the Pacific and Australian plates 
near New Zealand has been accommo- 
dated by a combination of compressional, 
extensional and transcurrent motion over 
a belt several hundreds of kilometres 
wide. Yet geodetic observations of the 
strain during this century indicate that it is 
continuous when viewed on a scale of 
about 50 kilometres, and this strain. if it 
had operated over the past 15 million 
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years, would be consistent with the 
palaeomagnetically determined rotations 
of post-middle-Miocene rocks in the 
region (R. Walcott, Victoria University). 

A superficial examination of the 
thermal conditions beneath the North 
Island of New Zealand suggests that it is a 
classic paired metamorphic belt, but in a 
tectonic setting not usually attributed to 
these belts: high temperature—low pres- 
sure (high T-low P) metamorphism is 
occurring beneath the central volcanic 
region, which is extending and subsiding, 
while low T-high P metamorphism is 
occuring in the Hikurangi Margin to the 
east, which is uplifting and extending. 
Thus, a future episode of compression is 
required before erosion can expose the 
high T-low P metamorphism, whereas the 
exhumation of low T-high P rocks, which 
is usually thought to require the cessation 
of subduction, requires no more than the 





continuation of the present underplating 
and extension of the Hikurangi Margin. 
A similar process is believed to have 
operated in the preservation of high- 
pressure rocks in the Franciscan Forma- 
tion, Betic Cordillera and Western Alps 
(J. Platt, Oxford University); large 
normal faults parallel to the mountain 
range are also observed in the High 
Himalaya (J.-P. Burg, Melbourne Uni- 
versity). But nobody was prepared to 
propose such an extensional mechanism 
for the préservation of a 50-square 
kilometre area of coesite-bearing rocks 
that appear to have been metamorphosed 
at about 30 kilobars in the early stages of 
the Alpine orogeny (C. Chopin, Ecole 
Normale Superieure, Paris). a 
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Palaeontology 


How did eurypterids swim? 


from D.E.G. Briggs 


EURYPTERIDS, a group of extinct Palae- 
ozoic arthropods, existed for more than 
200 million years from the early Ordovi- 
cian to the Permian, and were the largest 
arthropods ever to have evolved — at least 
half of the eurypterid families included 
species containing individuals of more 
than 80 cm long. They became extinct in 
the most severe mass extinction in the late 
Permian. A recent report suggests that 
these large swimming arthropods may 
have been capable of hovering (Plotnick, 
R. Trans. R. Soc. Edinb. 76, 325; 1985). 

Eurypterids had a long streamlined 
body divided into an anterior prosoma 
(cephalothorax) and posterior opistho- 
soma (abdomen). Trace fossil evidence 
and functional analysis show that euryp- 
terids used the posterior three pairs of 
prosomal appendages to walk in a hexapo- 
dous gait. The last of these, the sixth pro- 
somal appendage. was modified to some 
extent in all eurypterids, the distal podo- 
meres being commonly flattened and ex- 
panded to form a paddle. 

Early interpretations of swimming in 
eurypterids were based largely on com- 
parisons with the horse-shoe crab (Limu- 
lus), a member of the only major living 
group of aquatic chelicerates, and envis- 
aged eurypterids as swimming ventral side 
uppermost using mainly the opisthosomal 
limbs (equivalent to the gills of Limulus). 
More detailed studies of the few well-pre- 
served examples (Waterston, C.D. Fossils 
and Strata 4, 241; 1975) showed that eu- 
rypterid gills were more similar to the lung 
sacs of scorpions, consisting of an area or 
tract on the ventral body wall, rather than 
appendages modified as book-gills. These 





tracts were protected by stiff cuticle and 
could not have been used for propulsion. 
Recent research demonstrates that the 
paddle provided the primary means of 
swimming. Paul Selden redescribed the 
Silurian eurypterid Baltoeurypterus tetra- 
gonopthalmus (Trans. R. Soc. Edinb. 72, 
9; 1981) based on the spectacular fossil 
specimens from the Silurian of Gotland 





Hovering in Baltoeurypterus. The paddle is 
moved in a shallow horizontal figure-of-eight, 
the angle of attack (dashed on the paddle, solid 
elsewhere) altering to maintain lift. Other 
prosomal limbs are omitted. This specimen is 
about 20 cm long. 


and Estonia, in the Baltic. The eurypterid 
cuticle can be isolated from limestone by 
dissolution in acid and provides inform- 
ation comparable to the exoskeleton of a 
living arthropod. Most importantly, the 
mechanics of the joints between the limb 
podomeres can be reconstructed. 
Appendicular swimming may be either 
predominantly drag-based (the append- 
ages rowing, as oars) or lift-based (the 
appendages ‘flying’, as hydrofoils). 
Selden's analysis of the mechanics of the 
paddle in Baltoeurypterus indicates that 
the large flat seventh and eighth podo- 
meres could have been alternately expan- 
ded to create maximum drag in a power 
stroke, and then rotated about the paddle 
and folded to present much less resistance 
in arecovery stroke. He suggested that the 
paddles functioned as oars, moving in 
phase to reduce the likelihood of yawing; 
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pitching and rolling would have been pre- 
vented by the flattened body, tergal pro- 
jections and outstretched limbs. 

But Baltoeurypterus was about 20 cm 
long, a size that exceeds the limit at which 
drag-based swimming becomes inefficient 
(at Reynolds numbers of about 10°). The 
limited degree of lift produced by rowing 
would also be an important consideration 
if eurypterids were negatively buoyant, as 
seems probable. Using Selden's detailed 
analysis of the morphology of Baltoeuryp- 
terus, Plotnick'S new work extends the 
model of swimming in eurypterids to in- 
corporate a greater element of lift. Plot- 
nick's conclusions are based largely on a 
study of swimming in portunid crabs, 
which have a paddle (the fifth pereiopod) 
strikingly similar to that in eurypterids. 
Portunids are very manoeuvrable, using a 
lift-based swimming mechanism that even 
enables them to hover. 

Eurypterids were unable to swim by 
‘subaqueous flying’ (in the manner of pen- 
guins) because the nature of the joints pre- 
vented up-and-down movement of the 
paddle at right angles to the direction of 
progress. But they could move the paddle 
in a flattened figure-of-eight which, while 
concentrating the thrust in the backstroke 
as in rowing, produced lift and a modest 
degree of thrust in the forestroke. The 
paddle tapered to a point distally, like a 
hydrofoil. (It should be noted, however, 
that the morphology of the paddle is likely 
to be a compromise between the different 
requirements of swimming and walking.) 
Lift-based swimming is more efficient for 
alarge animal than rowing, as a propulsive 
thrust is produced on both the forestroke 
and the backstroke and a constant lift is 
created to counteract the negative buoy- 
ancy of the animal. In the eurypterids, the 
dorsal position of the articulation between 
podomeres 4 and 5 exaggerated the down- 
ward component of the paddle's move- 
ment, thus favouring lift. 

Not all eurypterids conformed to the 
morphology of Baltoeurypterus. The re- 
markable late Silurian pterygotids, for ex- 
ample, were more elongate with very slen- 
der limbs (including the paddles) and may 
have been more than 2 metres long. This 
large size indicates that a lift-based mode 
of swimming was likely (Selden, P.A. 
Spec. Pap. Palaeont. 32, 39; 1984). 

Only a few eurypterids have been sub- 
jected to the kind of detailed analyses 
pioneered by Selden and Plotnick. Al- 
though material of the quality of B. tetra- 
gonopthalmus from the Baltic is rare, re- 
search on the biomechanics and hydro- 
dynamics of other well-preserved euryp- 
terids will yield further insights into the 
functional strategies adopted by these re- 
markable arthropods. O 
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Outlook brighter on 
weather forecasts 


Sir—Our recent paper “Fractal charac- 
terization of inhomogeneous geophysics 
measuring networks” addressed the fun- 
damental geophysical problem of sparse 
measuring networks, and pointed to new 
ways of overcoming longstanding 
difficulties. Although pleased to have 
stirred interest in the weather forecasting 
community, we were therefore somewhat 
surprised by the pessimistic (“bleak”) in- 
terpretation given to our findings in Hol- 
lingsworth's News and Views article". 
Since this interpretation could be due to a 
misunderstanding, we would like to clarify 
our position. 

By quantifying the sparseness of the 
meteorological observing network, we 
showed that no matter how large, phe- 
nomena sufficiently intense and sparse 
(with fractal dimension D<0.25) would 
slip through the network undetected. The 
errors due to this limited dimensional re- 
solution are more subtle than Holling- 
sworth seems to indicate. We implied 
neither that the network misses storms, 
nor the most energetic areas but rather, 
the most intense regions. Indeed, fun- 
damental characteristics of the various 
levels of energy density (or more precise- 
ly, the flux of energy to smaller scales), are 
their multiple fractal dimensions which 
decrease as the intensity level increases. 
Since any set with D<1 is a totally discon- 
nected set of points, the regions missed, 
are the most active cores of storms. These 
low dimensional (sparse, core) regions 
play a crucial role in the future evolution 
of the atmosphere. 

Hollingsworth seems to minimize the 
impact of this lack of dimensional resolu- 
tion, first by citing the utility of existing 
forecasts 6-7 days ahead, second, by 
pointing to the increasing role of satellite 
data. Let us examine these points one by 
one. 

Hollingsworth admits that even in the 
vague terms of “economical usefulness" 
forecasts are limited to periods of one 
week or less. Even without a precise dis- 
cussion of predictability and its limits, is it 
unreasonable to suppose that at least part 
of our, current difficulties are related to 
our inability to detect sparse but violent 
events? 

Hollingsworth is obviously correct in 
pointing out the importance of satellite 
data. Indeed, since remotely sensed data 
generally have very high dimensional re- 
solutions, our findings add a new argu- 
ment in their favour. Unfortunately, the 
satellites themselves, are calibrated by 
sparse in situ networks, and current 
calibration methods do not recognize the 
problem of dimensional resolution. Furth- 
ermore, the existing four-dimensional 
data assimilation techniques that are used 


to mix in Situ and satellite data take no 
quantitative account of the various dimen- 
sions involved. 

Perhaps, if we abandon the routine 
ways of dealing with the problem of sparse 
networks and phenomena, the future can 
be faced with optimism. New and 
mushrooming interest in techniques of 
multi (fractal)-dimensional analysis and 
simulation may ultimately help clarify 
basic problems in predictability. In the 
short term, we may expect rapid develop- 
ment of statistical techniques to provide 
important corrections to data lacking in 
dimensional resolution. Improved fore- 
casts over a wide range of timescales could 
be possible. 

SHAUN LOVEJOY 


DANIEL SCHERTZER 
Pritie LADOY 
Physics Department, 
McGill University, 
3600 University Street, 


Montreal, Quebec, Canada H3A 2TB 


Météorologie Nationale, 
2 Ave Rapp, 
Paris 75007, France 
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Are arguments against 
archaebacteria valid? 


Sm—Until now we have commented only 
in passing on Lake's suggestions"? regard- 
ing archaebacterial taxonomy and phy- 
logeny, because their supporting evidence 
is weak. However; recent correspondence 
in Nature" and attention elsewhere? re- 
quires a stronger response. 

The upper panel of Fig.1 is a phylogene- 
tic tree derived by a distance matrix-type 
analysis of the small subunit rRNAs. It 
shows the three primary kingdoms as dis- 
tinct phylogenetic units’. (The same bran- 
ching order results, from parsimony 
analysis’.) In contrast, Lake’s proposals 
(lower panel) distribute the various 
archaebactetia among three separate 
‘kingdoms’: the ‘eocytes’  (sulphur- 
dependent archaebacteria, such as Sulfo- 
lobus and Thermoproteus), ‘photocytes’ 
(extreme halophiles and eubacteria) and 
methanogens' ?. 

Two issues are involved here, one scien- 
tific (the precise relationships of the other 
kingdoms to the archaebacteria) and one 
semantic (whether Archaebacteria is a 
proper taxon). The second issue disting- 
uishes Lake's proposals from those of 
others, whose  phylogenies assume 
archaebacteria to be a valid taxon, 
although possibly paraphyletic’. 

The factual basis for Lake’s proposals is 
questionable. *Eocytes' were defined as “a 
kingdom with a close relationship to 
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Fig.1 The alternative views of archaebacterial 
taxonomy. 


eukaryotes” on the basis of the unusual 
shape of their 50S ribosomes, a shape 
ostensibly unique among archaebacteria. 
However, a significant fraction of the 505 
subunits in Methanococcus vannielii have 
this ‘eocyte’ shape*. Although what 
underlies these shape differences is not 
known, it is likely that they reflect relative 
protein content: subunits from both 
sulphur-dependent archaebacteria and 
the Methanococcales have relatively large 
coniplements of protein compared with 
other archaebacterial ribosomes’. Thus, 
dividing the archaebacteria on the basis of 
ribosome type puts methanogens into two 
separate kingdoms — an untenable classi- 
fication both phylogenetically and taxono- 
mically. 

‘Photocytes’ were defined on the basis 
of other perceived similarities in ribosome 
shape’. In this case, too, the defining char- 
acteristics are not confined to the defined 
group. Ribosome shape differences, 
which have never been shown to be homo- 
logous traits, are obviously not reliable 
determinants of major phylogenetic cate- 
gories. 

The proposals of Lake et al. have far too 
little supporting evidence, and much of 
this is of little or no phylogenetic value. 
Their argument rests heavily on the sup- 
posed absence of certain traits, which 
means little when it merely reflects a tem- 
porary failure to find them. For example, 
absence of introns outside the sulphur- 
dependent archaebacteria was taken to be 
significant but introns were subsequently 
found in the extreme halophiles'. Ill- 
defined similarities, such as “common 
photosynthetic mechanisms”. invoked in 
grouping eubacteria with the extreme 
halophiles, are more probably analogies 
than homologies: the (eu)bacterial chlor- 
ophylls have nothing in common with 
(halophile) bacteriorhodopsin, either 
structurally or functionally, whereas bac- 
teriorhodopsin is structurally and func- 
tionally similar to eukaryotic rhodopsin — 
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hence its name. By invoking а small num- 
ber of characters (especially ill-defined 
ones) one can construct many contradic- 
fory taxa: for example, cyanobacteria сап 
be clustered with the extreme halophiles 
to the exclusion of other eubacteria on the 
basis of ferredoxin sequences; or, strep- 
tomycetes can be grouped with metha- 
nogens on the basis of their having coen- 
zyme F420. 

: Lake's explanation of the rRNA-based 
tree (Fig.1a) is that it must be an artefact 
of the treeing procedure (such procedures 
have a tendency to group rapidly evolving 
lines). Although such artefacts do occur, 
they obviously do not occur in every case 
involving unequal evolutionary rates. A 


thorough analysis indicates that the bran- 


ching order in Fig. 1a does not reflect such 
an. artefact’. 
; .Returning to the semantic issue, regard- 
less. of whether the archaebacteria are 
joined to the two other kingdoms by a 
single lineage (Fig. 1a) or by two separate 
lineages (Fig.1b), archaebacteria is а tax- 
on of demonstrated predictive and organi- 
zátional value’. It groups together pro- 
karyotes with many characteristic phe- 
notypic features, including composition of 
inembranes, cell walls, rRNAs and 
tRNAs". Lake's taxa, on the other hand, 
spread such organisms among several 
kingdoms (as indicated by the solid lines in 
the Fig. 1), intermixed with organisms not 
sharing their common characteristics. 
Whereas the grouping 'archaebacteria' 
easily rationalizes almost all of what is 
known about these organisms, the Lake 
taxa are inconsistent with much of the 
phenotypic evidence and all of the sequ- 
ence evidence bearing on the issue. 
CARL R. МоЕѕЕ 
Department of Genetics and Development, 
University of Illinois, 
Urbana, Illinois 61801, USA 
Norman R. PACE 
GARY J. OLSEN 
Department of Biology, 
Indiana University, 
Bloomington, Indiana 47405, USA 
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Link between lamins 
and intermediate filaments 


Str—Recently McKeon et al.’ reported in 
Nature an exciting result for cell biolog- 
ists. Lamins, the major proteins of the 
nuclear envelope, show a striking sequ- 
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ence and structural homology with the va- 
rious proteins of the large family of cyto- 
plasmic intermediate filaments (IFs). The 
complementary. DNA sequence of lamins 
A and C predicts, however, an insert of 42 
amino-acid residues in a coiléd-coil do- 
main highly conserved in length in all. IF 
proteins (reviewed in ref. 2). Inspecting 
the reported lamin sequence I found that 
this insert starts precisely at a point of 4 
common intron position previously found 
in several IF genes’. The position of most, 
introns of IF genes seems not to be related 
to the structural subdomains of the 
proteins. A similar situation was fourid 
also for myosin, another fibrous protein 
built from coiled-coils’, Thus, the position 
of the lamin insert is particularly interest- 
ing as it may indicate the evolutionary di- 
vergence between IF and lamin genes. 
This I expect to become more obvious 
once the entire lamin gene is known.. 

K. WEBER 
Max-Planck Institute for 

Biophysical Chemistry, 

D-34 Goettingen, FRG 
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The mechanics of 
visual acuity 


Str—Anyone who needs strongish’ (posi- 
tive) reading glasses but does not suffer 
unduly from astigmatism can see that 
visual acuity is not just a function of eye 
lens quality plus receptor spacing. All that 
is needed is а red-light-emitting diode:be- 
hind a square aperture. Looking at this 
without glasses produces nota single blur- 
red image but an array of about eight red 
squares, more or less sharply defined. A 
‘perfect’ eye would presumably produce a 
completely regular array; mine do not, 
and differ individually, 

It follows that the eye-cortex combina- 
tion acts holographically, in that separate 
portions of a blurred image give rise to the 
impression of a sharp image. Further- 
more, if instead the image of a 
point source is properly focused, the sys- 
tem can be expected to give rise to a visual 
acuity greater than indicated by optical 
considerations alone. 

The compound eyes of insects ате 
known to act in a similar manner, because 
individual images are too poor to account 
for bees' discriminatory power, for exam- 
ple. So it is perhaps not surprising that the 
larger animal eye, producing good optical 
images, should nevertheless have retained 
the image-processing power of the cortex 
representing an earlier stage in the evolu- 
tion of the eye. 





T. NAsH 
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The human factor i in 
mammoth extinction 


Srr—A tecent Néws and Views piece by 
Diamond discusses ‘mammoth hunting 
arid extinction. While I agree that soph- 
isticated huntirig techniques must have 
been available to palaeolithic mammoth 
hunters, close speating or hamstriügihg, 
as practised by modern Pygmy elephant 
hunters, is dependent ori the possession of 
razor-sharp iron spearheads’; and the ex- 
istence of à pharmacopoeia of . poisons 
among Palaeolithic,hunters is of course 
undocumented. Trunk snares or weighted 
hanging spears would seem to depend on 
the prey moving among rather heavy 
forest vegetation, whereas the stomach 
contents of mammoths attest to their in- 
habiting sparsely forested, open, steppe- 
like grasslands, | Palaeolithic peoples prob- 
ably trapped mammoths with fire or.with 
footsnares and pitfalls set or dug along 
regularly used routes. As zoo curators 
know, a fall of only а metre or even. а 
stumble may be potentially fatal to a large 
mammal, so a footsnare or pitfall would 
have been a relatively safe and effective 
aid to mammoth hunting. 

Nevertheless, contrary to Diamond's 
contention, French and Spanish cave 
paintings do not unequivocally show these 
hunting techniques. Tectiform signs in 
Palaeolithic art are, certainly sometimes 
interpreted as depicting traps arid pitfalls, 
but the interpretation of these signs is. sub- 
ject to debate. They have also been 
viewed as depicting shelters or maps, or as 
having a more esoteric symbolic signifi- 
cance. 

Finally, Diamond concludes that mam- 
moth extinction is probably the direct re- 
sult of tlie proficiency of humari hunting. 
However, the most recent compendium of 
explanations’ for Pleistocene megafauna 
extinctions appears to favour ecological or 
climatic causes. Certainly the Pleistocene 
overkill hypothesis originally elaborated 
by :P.S. Martin has not been accepted 
without debate, and may have lost some 
potency as an explanatory hypothesis dur- 
ing the past twenty years, even with the 
introduction of the concept of a blitzkrieg 
overkill which might explain the paucity of 
archaeological evidence. 

. SusAN CACHEL 
Department of Anthropology, 
Douglas College, Rutgers University, 
New Brunswick, New Jersey 08903, USA 
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---ВООК REVIEWS 


What's wrong with nuclear power? 


David Pearce 


Nuclear Politics: The History of Nuclear Power in Britain. By Tony Hall. 


Pelican:1986. Pp.200. Pbk £3.95. 


Tue history of the civilian nuclear power 
industry in Britain is one of concealment, 
dubious promises, a reckless approach to 
technology and naive public relations. 
The concealment has shown in the 
attempts to hide the poor safety record of 
the industry's centrepiece, Sellafield; the 
dubious promise is revealed in the debat- 
able nature of the comparative economics 
of nuclear electricity generation; and the 
recklessness was underlined nearly ten 
years ago by the Flowers Commission's 
insistence that waste disposal problems 
should be solved before, and not after, 
further expansion of nuclear capacity. 

Itis, however, in its public relations that 
the nuclear power industry has made its 
worst mistakes. With arrogance com- 
pounded by naivety the authorities have 
consistently misread public opinion, with 
the result that if support has not been 
forthcoming the public has been treated to 
a further dose of *education". Such an 
educational programme demands novel 
and sympathetic approaches to social 
acceptability, but the industry is domin- 
ated by technologists whose training 
makes them unequal to the task. The pro- 
cess of decline feeds on this acceptability 
gap: nuclear power is not just about scien- 
tific solutions to scientific problems, it is 
about the social status of scientists and 
technologists thrust awkwardly into the 
political firing line. 

Itrequires only a recent episode to illus- 
trate this lemming-like syndrome. With 
the accidental discharge of uranium ni- 
trate into the Irish Sea, and admission by 
the authorities of a separate, internal inci- 
dent involving plutonium, a newly formed 
Nuclear Electricity Information Group 
(itself part ofthe syndrome — the industry 
invariably alters titles and names when on 
the retreat) issued its first advertisements. 
In one of these, three pub-goers, one 
looking remarkably like the archetypal 
university student, reveal that what the 
common people think of nuclear power is 
that reactors manufacture acid rain and 
nuclear electricity produces radioactive 
light bulbs. Either the advertising agency, 
and perhaps NEIG, believe these are 
common misconceptions or the advertise- 
ment is a nasty attempt to set up a straw 
man image of the opposition to nuclear 
power. Whatever the case, it speaks 
volumes for the lack of understanding in 
the nuclear industry of social processes. 

Therein lies the clue both to what has 
gone wrong for nuclear power and 


perhaps to the industry's last chance to 
secure a degree of respectability, at least 
among the limited groups remaining who 
are prepared to be even-handed. No in- 
formation packs for schools, crass adver- 
tisements or new shops in towns adjacent 
to potential waste dumps will substitute 
for the necessary self-criticism that would 
arise from asking why opposition to nuc- 
lear expansion is so fierce and articulate. 
The days of the early smear campaigns 
when opponents were branded as Soviet 
dupes are over. Serious questioning of the 
fundamental social rationale for nuclear 
power has found its way into Select Com- 
mittees, the Monopolies and Mergers 
Commission, the Royal Commission on 
Environmental Pollution and many other 
bodies which cannot be dismissed in the 
traditional way. 

In Nuclear Politics, Tony Hall touches 
on some of the reasons for the focusing of 
dissent. He is especially detailed and 
robust on the early years: the links 
between nuclear power and nuclear 
weapons, the paranoid secrecy and the 
distance the industry managed to secure 
from political control (this being as much 
due to the ignorance of the politicans as to 
the propaganda they swallowed). When 


environmentalism finally became not just 


a popular but also a respectable political 
force, the industry had neither the tradi- 
tion nor the capabilities to handle it. How 
different the picture might have been if 
the industry had understood the public 
perception of risk is hard to say; the mis- 
takes and cover-ups would still have hap- 
pened, but the effects on public confi- 
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dence would surely have been less. In- 
stead, the industry reacted in the tech- 
nological mode. For instance, it persisted 
with the definition of :isk as the probabil- 
ity of death or morbidity, and ignored the 
concepts rooted in social science which 
emphasize the nature of both the event 
and the process leading to the event. as 
well as the probability. The apotheosis of 
error in the technological approach to risk 
was revealed in Lord Rothschild’s famous 
Dimbleby Lecture, warmly applauded by 
the industry at the time and rightly de- 
rided by anyone with a smattering of social 
understanding. Sadly, Rothschild's think- 
ing still pervades the industrv. once again 
a sad reflection of the absence of a social- 
science base to pro-nuclear politics. 

Tony Hall takes us from the early days 
to the development of the Magnox prog- 
ramme and on to the AGR "disaster". 
though strangely omitting any reference 
here to the damning work of David Hen- 
derson in 1977 on the economics. or lack 
of them, in the AGR programme (a criti- 
que which he repeated in last vear's Reith 
Lectures). Hall then outlines the emerg- 
ence of the opposition to nuclear power. 
notably the Friends of the Earth and the 
intellectual spur to respectable criticism 
from Amory Lovins and Walter Patter- 
son. Missing in this account, however. is 
mention of the emergence of many doub- 
ters in the economics profession — it was 
never easy to find academic support for 
the nuclear case, for example. Hall then 
outlines the famous Windscale Inquiry 
into the planned new processing plant. 
now under construction (and under Par- 
liamentary scrutiny). The nuclear industry 
again misjudged the public view of mat- 
ters when it greeted so positively the ex- 
traordinary bias and eccentricities in the 
report of the Inquiry. It was almost as if 
any support would do, regardless of its 
quality. 

Nuclear Politics is at its weakest in its 
concluding sections on Sizewell. There is 
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no summary of tbe arguments or analysis 
of the inquiry process, nor any reflection 
on the attempt to force the demise of the 
“big” inquiry by the present government, 
something the industry has always 
wanted. This is a shame because Tony 
Hall writes with admirable clarity and 
skill. The layman's guide to Sizewell will 
need to be written, while specialists must 
await Professor O'Riordan's University of 
East Anglia/Economic and Social Re- 
search Council study for the definitive 
analysis. The other area still to be 
documented is the role of the regulatory 
agencies in the fortunes of nuclear power: 
the Nuclear Installations Inspectorate, the 
National Radiological Protection Board 
and the Health and Safety Executive do 
not have a prominent place in the book. 
Nonetheless, Tony Hall has brought 
together an accurate yet readable mix of 
the technology and politics of nuclear 
power in Britain. The pity is that those 
who need to take on board its lessons will, 
more likely than not, again fail (о doso. О 
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BOOK REVIEWS 
Rich cuttings from 
a medical life 

Michael Shortland 


William Hunter and the Eighteenth- 
Century Medical World. Edited by W.F. 
Bynum and Roy Porter. Cambridge Uni- 
versity Press:1985. Pp. 424. £35, $49.50. 


Fon MucH of its existence, medicine has 
been the most disreputable of the learned 
professions — less conspicuous than the 
law or the church, but its failings for that 
reason all the more evident. The shady 
lawyer could lose you a case, the venal 
priest would sell you a soul, but a visit to 
your physician might cost you an arm and 
a leg, and quite possibly your life. Until 
anaesthetics and antiseptics were de- 
veloped, the best medicine was no medi- 
cine. As Swift put it, the only doctors to 
be trusted were Doctor Diet and Doctor 
Quiet. 

The defects of medicine were never 
more visible than during the eighteenth 
century. Pilloried in the press, ridiculed 
by satirists and subject to scandal, the 
physician seemed for a while ready to 
close shop and hand the keys over to the 
charlatan pill-pushers who reaped vast 
profits from the poor soil of conventional 
physic. These itinerant quacks had one 
crucial fact in their favour: they might fail 
to cure your disease, but they did not 
kill you with their remedies. Early in the 
century, two rival physicians, Drs John 
Woodward and Richard Mead met in a 
duel; supposedly, Mead disarmed his 
opponent and humanely exclaimed “Take 
your life”. To which Woodward replied 
“Anything but your potions”. 

Such an episode may not have been 
typical, but it was symptomatic. With so 
few accepted standards of health care and 
no organization able to police the profes- 
sion, disputes and disarray were endemic. 
Lacking a strong self-identity, the doctor 
found himself aligned, then harangued, 
with the barber-surgeon and the grocer- 
apothecary. Moreover, as the second edi- 
tor of this volume explains, at a time when 
religion indoctrinated people with a pro- 
found belief in the corruptions of the 
flesh, medicine suffered from a guilt by 
association. Particularly in branches such 
as venereology and obstetrics, the humble 
practitioner was liable to find himself 
stigmatized by vice and sexual improprie- 
ty. 

How curious then that William Hunter 
(1718—1783), whose father intended him 
for the ministry, should opt instead for a 
life in medicine. Strange, too, that after a 
surgical training in provincial Hamilton 
and then in London, he should gravitate 
towards obstetrics. But truly astonishing is 
the discovery, detailed with evident relish 
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in this collection of essays, that Hunter 
managed to acquire such eminence and 
wealth pursuing this doubly-notorious 
trade. As Porter explains in a brilliant 
assessment of this apparent misnomer, the 
gentleman-surgeon, Hunter had to start 
life in the wrong country (Scotland), in 
the wrong religion (Presbyterianism) 
and in the wrong family (large and rough- 
cut). 

Good luck along the way no doubt 
helped Hunter reach the heights of his 
adopted profession. But as important.was 
his keen sense of what his potential cus- 
tomers required. From the contributions 
here on apprenticeship and medical 
education in Britain and on the continent, 
it is clear that Hunter made good the re- 
latively dismal opportunities for training 
by offering private anatomical classes in 
London hospitals. These were marketed 
with the same skills he brought to the 
surgery: precision, efficiency and style. 
Knowing the opprobrium that attached 
itself to his line of work, Hunter carefully 
cultivated contacts and clients. The job of 
an obstetrician demanded discretion, so 
he kept a low profile. But he could be 
showy, exhibitionist and highly visible in 
different circumstances. In an age when 
appearances mattered, Hunter could 
adopt many — in every sphere his skills as 
a practitioner were enhanced by formid- 
able entrepreneurial acumen. 

This is not to belittle his contribution to 
medical knowledge, though in that do- 
main William's labours were eclipsed by 
those of his brother John, the famous phy- 
siologist and surgeon buried in Westmins- 
ter Abbey and commemorated by the 
Hunterian Society. As the final section of 
this book reveals, William was an innova- 
tive and influential male midwife, and a 
non-interventionist at a time when many 
of his colleagues saw the recently- 
designed forceps as the key to the lying-in 
room. 

In this aspect of his career as in others it 
remains difficult to see whether we are 
dealing with a remarkable exception to 
the rule that eighteenth-century medicine 
was primitive and squalid. It may well be 
that we should instead view William Hun- 


ter as part of the evidence in a general 


revision of the history of medicine. Cer- 
tainly, this rich and engrossing volume 
offers insights into a world very different 
to that portrayed by Victorian doctors 
who enjoyed dating all that was proper in 
medicine to their own time. Whether or 
not William Hunter fits that particular 
portrayalis a question which the contribu- 
tors here tackle from different perspec- 
tives and with great subtlety, but the ques- 
tion remains hanging in a promising state 
of uncertainty. О 


Michael Shortland is in the Department for Ex- 
ternal Studies, University of Oxford, Rewley 
House, 1 Wellington Square, Oxford ОХІ 2JA, 
UK. 
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At the frontiers in 
South America 


Norman Myers 


Amazonia. Edited by Ghillean T. Prance 
and Thomas E. Lovejoy. Pergamon: 
1985. Pp.442. £19.50, $27.95. 


A DOZEN Or so scientific books dealing 
with Amazonia have appeared since 1980. 
This upsurge in professional interest is 
heartening, because it reflects a new 
awareness on the part of the scientific 
community both within Amazonian na- 
tions and elsewhere. After all, there is 
much to be aware about: with the richest 
biotic communities on Earth (one fifth of 
all species), Amazonia represents a kind 
of frontier for modern biology. Yet we 
know all too little about what makes it 
tick, let alone how to keep it ticking. 

The region is also a frontier of different 
sort. The eight nations concerned want to 
develop it; that is, to exploit it, populate 
it, do something with it, rather than just 
leave it "idle" and unoccupied. Lacking 
science-based models of development, 
they have tended to employ approaches 
that owe more to notions of temperate- 
zone development than to an appreciation 
of what Amazonia has to offer. Fortunate- 
ly there are signs of a change in attitude, as 
governments and international agencies 
explore the creative challenges of a new 
frontier in the dual senses. 

For all the outburst of writings, no book 
has reflected the intrinsic complexity of 
the region, whether seen from the stand- 
point of the scientist or the developer. 
Virtually all the material hitherto avail- 
able is descriptive rather than analytical in 
style, and traditionally academic in spirit. 
How pleasing, then, to come across this 
book, a volume in Pergamon's Key En- 
vironments series, with its emphasis on 
relationships and interactions — and not 
only between biotas and their environs, 
and so on, but between scientific disci- 
plines with all that should imply for coor- 
dination between government depart- 
ments. The chapter on fish, for instance, 
reveals not only that Amazonia possesses 
3,000 species (15 times as many as 
Europe), and that commercial fisheries 
could produce far more animal protein 
than do the region's cattle ranches; more 
to the point, we read about entire fish 
communities, including the 50 species that 
generate three-quarters of the commercial 
harvest, and that feed primarily off fruit 
fallen into the water. This bodes much 
for plans to turn the alluvial floodplains 
into rice fields by eliminating riverside 
forests. 

A similar approach characterizes the 
chapters on soils, vegetation, agriculture, 
forestry, and useful plants and animals, 
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among others. The most important chap- 
ter of all, however, is probably the one on 
climate. It shows how the Amazonian 
forest makes some of its own precipita- 
tion, and thus illustrates the ultimately 
integrative nature of the biospheric scien- 
ces; that is, life is not only modified by its 
environments but it adapts them as well, 
often to its own long-term benefit. This 
means that deforestation of part of Ama- 
zonia would reduce rainfall for the rest of 
the region, and thus alter the entire char- 
acter of the remainder of the forest no 
matter how well protected it might be. It 
furthér implies that rainfall patterns 
would be affected in southern Brazil as 
well, this being the country's main crop- 
growing zone. 
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So here is a book to applaud. Within its 
175,000 words, it encompasses the main 
components of the great Amazonian 
ecosystem. Several of the chapters arc by 
Latin Americans, another welcome de- 
parture because most scientists interested 
in the region are still located in North 
America. My main regret is that there is 
not more text by the editors. Their two- 
page Introduction is splendid stuff: all the 
more pity, then, that they did not include 
commentaries on each chapter. or at least 
on the three main sections, with a conclu- 
ding overview to pull the whole thing 
together. 2] 
Norman Myers, Upper Meadow. Old Roud, 


Headington, Oxford OX3 8SZ, UK, isa consul- 
tant on development and environmental matters. 





Insider's insects 
Timothy J. Bradley 


Fundamentals of Insect Physiology. 
Edited by Murray S. Blum. Wiley: 1985. 
Pp. 598. $39.95, £41.40. 


Despite the number and variety of biol- 
ogy students taking classes on insect 
physiology, we have hitherto lacked a 
comprehensive, detailed and up-to-date 
textbook on the subject. Fundamentals of 
Insect Physiology is a successful attempt to 
meet that need. 

The book contains chapters on most of 
the traditional areas of physiology, includ- 
ing respiration, circulation, endocrinol- 
ogy, exocrine glands, and metabolism and 
behaviour, as well as discussion of topics 
related to neural and muscular function. 
Both its strengths and its weaknesses de- 
rive from the multi-author format. The 
information is in most part well presented 
and amazingly free of factual error, as is to 
be expected when experts are writing ab- 
out their own specializations. Conversely, 
while the stylistic differences are not se- 
rious, the clarity of writing differs widely 
and there is little coordination between 
contributions on related topics. 

Some of the chapters will unfortunately 
be of little use to beginning students of 
insect physiology. The lengthy account of 
electrical events in the nervous system is 
marred by confusing and poorly printed 
figures, and the examples are drawn large- 
ly from experiments using molluscan and 
mammalian material. More concise ex- 
planations of action and receptor potent- 
ials are available in basic physiology texts. 
The chapter on intermediary metabolism 
presents most of the metabolic pathways 
as confusing lists of reactions, rather than 
as pathways connected with arrows; for 
this topic, students would better be direct- 
ed to /nsect Physiology by Mordue et al. 
(Blackwell Scientific, 1980), an excellent 
but much less comprehensive textbook. 





Most of the authors, however. present 
accurate and readable accounts of their 
fields. One of the many excellent con- 
tributions is the chapter on respiration by 
T.J. Nation. After a detailed description 
of morphological adaptations, both in 
body plan and at the organ and cellular 
levels, the author proceeds to a mathema- 
tical discussion of the physical laws under- 
lying the diffusion of gases. ventilation 
and the metabolic rate of insects in various 
physiological states. This is followed by an 
analysis of specific respiratory adaptations 
(in pupae, aquatic insects and eggs). with 
examples of species possessing each type 
of adaptation. This last feature will be 
helpful for students faced with the be- 
wildering morphological and taxonomic 
diversity of insects, for example among 
those possessing tracheal gills. All of 
the chapters contain references to review 
articles and sometimes to the primary 
literature. 

The sequence of material could have 
been better; for example a discussion of 
the effects of hormones on behaviour 
precedes the chapter on endocrinology. 
Worse, however, is the choice of the open- 
ing chapter. My heart goes out to the stu- 
dents who, using this book, begin their 
acquaintance with insect physiology by 
reading a rather opaque discussion of the 
embryology of the insect heart. 

The dust jacket indicates that the book 
is intended "both as a text for courses in 
insect physiology and as a basic reference 
for entomologists, zoologists, pest mana- 
gers and physiologists”. We already have 
an abundance of material in the second 
role, and it is as a basic text that Fun- 
damentals of Insect Physiology has the 
most to offer. One hopes that later edi- 
tions will continue to emphasize this 
aspect. Even as it stands, however, I 
consider it to be the best such textbook 


available. d 





Timothy J. Bradley is in the Department of 
Developmental and Cell Biology, Dien of 
California at Irvine, Irvine, California 92717, 
USA. 
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Between conservation 
and catches 
T.J. Pitcher 





Marine Mammals and Fisheries. Edited 
by J.R. Beddington, R.J.H. Beverton and 
D.M. Lavigne. Allen & Unwin: 1985. 
Pp.354. £40, $55. 





Invasion of Earth by powerful, opportu- 
nistic and intelligent competitors for its 
fishery resources would immediately 
bring calls for their extermination. Yet in 
this role of conflict with our own species 
we already have marine mammals, native 
creatures evolved as part of the delicate 
balance of ocean ecosystems. Can the 
management and conservation of marine 
mammals, many of which by virtue of re- 
cent exploitation are rare and endangered 
species, be reconciled with the optimal 
control of fisheries? The 20 papers in this 
timely, readable and well-edited volume 
arose from a 1981 workshop in La Jolla 
which addressed the scientific basis of the 
question, mainly for seals and whales. 

Two of the founders of quantitative re- 
source assessment, Sidney Holt in a fore- 
word, and Ray Beverton in Chapter 1, 
introduce the key issues. Marine mam- 
mals may affect catches by eating fish and 
squid; they may act as intermediate hosts 
to economically damaging parasitic nema- 
tode worms in fish; and they themselves 
may become lethally entangled in, and 
damage, fishing gear. Fishery/mammal 
conflict often brews up despite inconclu- 
sive evidence one way or the other, but it 
is difficult to produce unequivocal scien- 
tific analyses because our understanding 
of the population dynamics of marine 
mammals is limited: the complex social 
behaviour of marine mammals makes re- 
productive and feeding rates hard to pre- 
dict. Holt considers that this book sets out 
“where we now are” in this field. I agree, 
and it does so with admirable clarity. 


Beverton looks to technology to solve 
the entanglement problem, and sets the 
scene for many of the case studies later in 
the book. His main contribution, how- 
ever, is cleverly to modify conventional 
fishery equations to show how fish stocks 
are affected by various levels of control 
imposed on the mammal population, and 
vice versa. Where the mammal is itself not 
exploited, his conclusion is that there is no 
optimal solution allowing coexistence and 
so the trade-off between fish yields and 
mammal conservation must be decided 
using other criteria. Beverton’s analysis 
offers predictions of the consequences of 
decisions, but not the means for making 
them. 

This theme is taken up in the second 
chapter by Colin Clark, a leading analyst 
of resource economics, who concurs that 
no conventional optimal management 
criteria favour mammal/fishery coexist- 
ence. Clark searches for a pragmatic solu- 
tion reminiscent of John Pope’s “mini- 
mum sustainable whinge” fishery 
strategy, which aims to produce the least 
dissatisfaction among the interest groups 
concerned. Maintenance of ecosystem in- 
tegrity is also one of Clark's goals, 
although I wonder if ecologists could ever 
agree how to measure it. 

Some time ago, Clark demonstrated 
how strongly-shoaling fish such as mack- 
erel are easily overexploited because 
fishermen maintain good catches right up 
to the last shoal in the sea. Likewise, it 
pays marine mammals to prey upon these 
profitable food patches, exacerbating de- 
pletion of both mammal and fish popula- 
tions. Clark advocates careful spatial 
partitioning of fishery quotas as the only 
solution. 

Both of these opening chapters cover- 
ing fundamental issues are stimulating and 
challenging. Twelve case studies, ranging 
geographically from California to Ker- 
guelen, follow, and although they inevit- 
ably vary in approach the net is cast suffi- 
ciently wide for the general reader to find 
something of interest. Three chapters 
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particularly caught my attention. 

Beddington and de la Mare critically 
describe models aimed at limiting the im- 
pact of Southern Ocean krill fisheries on 
the recovery of Antarctic whales. The role 
of such strategic simulation models is seen 
as guiding the acquisition of relevant in- 
formation, thereby producing insight 
rather than mere data. Such laudable 
goals for ecological modelling are rarely 
achieved and the perceptive review in this 
chapter could help us get there more 
often. . 

Harwood and Greenwood examine dis- 
passionately and in detail the scientific 
basis of the recent controversial govern- 
ment cull of Scottish grey seals: this chap- 
ter will be essential reading for conserva- 
tionists. The cull had unanticipated and 
damaging consequences for the seals. 
Although killing them should increase fish 
catches, it has so far proved impossible | 
accurately to quantify this effect, whether 
in numbers, weights or economic terms. 

When pole and line capture for tuna 
changed to mechanized purse seineing in 
the 1950s, dolphins often associated (for 
unknown reasons) with tuna schools be- 
gan to be slaughtered in large numbers. 
Allen discusses the East Pacific yellowfin 
tuna fishery where one dolphin dies for 
every three tonnes of tuna landed. He 
analyses the costs of concentrating on tuna 
schools not accompanied by dolphins. 

The final section of the book contains 
six reviews of methods of estimating fish 
consumption by marine mammals. These, 
I think, would have been more approp- 
riately published in the specialized litera- 
ture. 

Marine Mammals and Fisheries will be 
indispensable for biologists working on 
the management of marine resources. It 
should also attract a wider readership 
among those concerned to resolve con- 
flicts arising from our exploitation of other 
species with which we share this planet. O 


T.J. Pitcher is a Senior Lecturer in the School o 


Animal Biology, University College o Nort. 
Wales, Bangor, Gwynedd LL57 2UW, UK. 
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mplex sedimentary body located in the south-eastern part of the Bay of Biscay. (Bathymetric 
curves are 50m equidistant, scale is c. 12.25km cm"; the numbers refer to features identified in the original.) The illustration is taken from 
Submarine Fans and Related Turbidite Systems, the first volume in a new series, Frontiers in Sedimentary Geology, published by 
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Screwworm eradication a grand delusion? 


from J. L. Readshaw 





A campaign to eradicate the screwworm, a major pest of livestock in Texas, has cost $50 million a 
year. But the claimed success of the programme can be explained by natural variation and new outbreaks 
may well occur when climatic conditions again favour the pest. 





THE campaign to eradicate screwworm, 
Cochliomyia hominivorax (Coquerel), 
from the southern United States is the 
most ambitious entomological programme 
ever mounted. Its progress over the past 
26 years has spawned similar multi-million 
dollar programmes, aimed at eradicating 
other major insect pests throughout the 
world’. | 

The screwworm is a primary parasite of 
livestock, a tropical species, distributed 
throughout central and south America and 
the Caribbean. It exterids northward 
through Mexico and southern Texas, and 
occasionally spreads throughout southern 
and central United States causing serious 
losses to livestock and wildlife’. 

The adult fly lays batches of eggs on the 
edges of open wounds. The resulting 
*screw-like' maggots burrow into the living 
flesh, causing myiasis, weakening the 
animal and occasionally causing death. 
When mature the maggots leave the 
wound, drop to the ground, and pupate 
in the soil—producing adult flies some 10 
to 20 days later. 

Several generations occur during the 
warmer months, but the fly has no dormant 
or protected overwintering stage and thus 
cannot survive in areas where the average 
winter temperature drops below about 
10°C (50°F). Thus the fly normally over- 
winters only in the extreme south of the 
United States but reinvades the northern 
States in spring and summer—the adults 
being highly mobile. 

The eradication: programme was con- 
ceived by E. F. Knipling in 1938”. It is 
based, on the release of millions of 
artificially-reared sterile males. Male ster- 
ility is induced by exposing 5-day-old 
pupae to y rays. Because of their superior 
numbers, the sterile males outcompete the 
wild males in mating with the wild females. 
As a result, the wild females lay only sterile 
eggs; no offspring are produced, and, in 
theory, the population dwindles to 
extinction’. 

The research programme started in 
1950, with X-ray апа later y-ray induced 
sterility’. Field trials on the islands of 
Sanibel and Captiva, off the west coast of 
Florida, showed promise (G. W. Eddy, A 
H. Baumhover, A. J. Graham and F. H. 
Dudley, unpublished data quotation ref. 
6) and, in 1954, a major campaign on 
Curacao was judged a success’. Another 








large-scale trial in Florida in 1957* pro- 
vided the impetus for a massive campaign 
to eradicate screwworm from peninsula 
Florida, starting in January 1958 and end- 
ing with the eradication of screwworm 
from all the south eastern States by 
November 1959919, 

Thereafter (19621 to the present) the pro- 
gramine was taken to the south-west states, 
mainly Texas, New Mexico and Arizona, 
with à major extension into Mexico in 
1976, involving the opening of a new 
sterile-fly factory at Tuxtla in 19811, 

- Meanwhile, the ‘sterile insect release 
method’ (ЕМ) was used to eradicate 
screwworm from Puerto Rico and the Vir- 
gin Islands (1974-75)!??^, and to re-eradi- 
cate: it, from Curacao (1977)"*.. Further 
campaigns are now under consideration 
for Trinidad and Tobago’. 

Flimsy evidence 

The scientific basis for screwworm eradi- 
cation using sterile males rests on only two 
publications—the first covering the 
Curacao campaign which lasted less thari 
five months" , and the second the Florida 
trial®, which lasted only three months 
before being overtaken by the Florida 
campaign. Except for more recent work in 
Mexico'®!”, no other systematic: data on 
population levels or sterility have been 
published. References 7 and 8 are quoted 
repeatedly in the literature, yet their rel- 
evant content occupies only two small 
tables. Moreover, ‘success’ of the various 
campaigns is now accepted as established 
‘fact. No cases of screwworm have been 
reported in Florida since 1972 and only 
very few in Texas since 1978. 

But a recent manuscript by Krafsur'® 
raises the possibility that screwworm is 
influenced by climate. This report presents 
an analysis of the incidence of screwworm 
cases in Texas in relation to seasonal tem- 
perature and moisture conditions during 
the 1962-82 south-west eradication cam- 
paign. 


Historical perspective 


Records of screwworm in the United 
States go back to 1832”. In the 1890's it 
was a serious problem iri Texas and the 
Gulf Coast and subsequently there have 
been periodic outbreaks, particularly from 
1932 to 1935 when massive infestations 
developed, reaching Florida and the south 





eastern States іп 1933! and extending up 
to the Great Lakes in 1935. 

.The progression of this outbreak is 
interesting. Before early summer 1933, 
screwworms were not known in Florida, 
nor in any of the southeastern states. In 
Florida, the first cases appeared in the 
extreme north of the state, near Georgia’®. 
Earlier, in October 1932, screwworm was 
conimon but mild in Mississippi ?; іа 1933 
it wás present in southern Alabama” and 
Georgia”’; iri 1934 it was a serious problem 
from the Texas gulf coast, through 
Louisiana? Mississippi’®, ^ southern 
Alabama”, Georgia? and northern 
Florida. —— 

This pattern of spread suggests that the 
screwworm probably reached Florida 
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Fig. 1 Hypothetical model illustrating screw- 
worm increase in relation to favourable or 
unfavourable seasonal conditions. 


naturally by eastward movement from 
Texas and Louisiana during 1932-33, not, 
as is often claimed, imported on infested 
stock®, In fact Dove and Parman 
specifically say that the cases in northern 
Florida occurred before the importation 
of livestock from the drought-stricken 
western states. 

The 1933-35 outbreaks ended 
throughout the southern States following 
the very cold winter of 1935-36. The next 
reports are for 1943, with losses in both 
the southwestern and southeastern states, 
following the mild winter of 1942-43. 
Thereafter, serious outbreaks occurred in 
association with mild winters in 1945, 1948 
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Fig. 2 Correspondence between screwworm 
case incidence (b), winter temperatures (a) and 
summer temperatures (c) in Texas between 
1962 and 1982, The numbers indicate rank with 
respect to highest or lowest temperatures during 

the past 100 years. 


and 1949 right across the southern United 
States. In Florida, another cold winter 
occurred in 1950-51, "bringing screw- 
worm activity to an end", but for how 
long the populations remained low is 
unclear. 

The Florida trial occurred during an 
outbreak in 1957, following the mild 1956- 
57 winter, but the eradication campaign 
was accompanied by the coldest Florida 
winter on record (records started in 
1891)*°. Similarly, the eradication cam- 
paign in the southwest states, starting in 





1962, was fortunate in coinciding with two _ 


successive cold winters (1962-63 and 
1963-64). 

During the south-west release pro- 
gramme, outbreaks occurred in 1968 and 
from 1972 to 1976, with an estimated peak 
of 2 million cases (equivalent to 29,000 
reported cases) in Texas, in 19767. 
Incidentally, two cases were reported from 
Florida in 1972, but none has been repor- 
ted there since. 


During the past five years there have | 


been very few cases of screwworm any- 
where in the United States. Eradication is 
claimed!! and the programme has moved 
into Mexico to create a barrier zone. But 
eradication has been claimed before: for 
Texas and New Mexico in 1964, and 
Arizona and California in 1965^*. 

Thus, it is prudent to ask to what extent 
is the alleged success of the screwworm 
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campaign due simply to unfavourable (for | 


the fly) seasonal conditions? 


Texas 


The numbers of confirmed cases of screw- 
worms in Texas during the course of the 


eradication programme are listed in | 
monthly reports of the Texas Agricultural 


Extension Service”. Given these data the 
following hypothesis can be tested. 

The seasonal incidence of screwworm 
cases in Texas during the eradication cam- 
paign was determined in part by: (1) win- 
ter temperature, influencing winter sur- 
vival, and (2) summer temperature and 
moisture influencing seasonal breeding 
success. 


The hypothesis is illustrated in Fig. 1, ; 


with winter cases in year n (W,) being 
derived from the previous autumn's cases 
(A1), according to winter temperature 
conditions (wt,); and with seasonal cases 
in year n (S, = spring + summer + autumn 
cases) being derived from winter cases 


(W,,), according to summer temperatures | 


(st,) and summer moisture (sm,) condi- 
tions. The relevant climatic variables for 
autumn (September-November), winter 
(December-February) and summer 
(June-August) for the State of Texas” are 
listed in Table 1, together with the release 
rates of sterile males during the Texas 
programme. Also shown is the seasonal 
incidence of screwworm, which, because 
of the delay in reporting cases, is expressed 
on a quarterly basis (winter cases W, = 
January-March and so on). 

Adding one to the case data and trans- 
forming to natural logarithms, the 
hypothesis may be expressed by two linear 
equations: 

In(W,+1)=atbln (A,-1+1)+ ewt, 

(1) 

and 
In(S,+1)=d+eln(W,+1) 
+ fst, + gsm, (2) 


where W, A and S are numbers of screw- 
worm cases reported in years n or n—1 
and a, b, .. . g are coefficients to be 
estimated by multiple regression. The 
analysis shows that the equations 


In (W, +1) = —16.24+ 0.45 In (А, 








+1) 0.34 wt, (3) i 
and 
In (S, +1) = 69.25 +0.96 In (№, + 1) 
—0.80 st, (4) 


éstimate the actual incidence of winter 
cases (W,) and seasonal cases (5,) with 
an accuracy of 74% and 67% respectively 
(Table 2). 

The influence of winter temperature was 
highly significant (c=0.342+0.101, t= 
3.38, Р<0.01); summer temperature less 
so (f =—0.803 + 0.316, t=2.54, P< 0.02); 
whereas summer moisture, expressed as 
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Fig.3 Long-term trends in winter tem- 
peratures (December-February) since the late 
1800s in three contiguous climatic regions of 
the southern United States. The trend lines are 
third-order polynomial regression curves. See 
ref. 29 for more detail and regional boundaries. 


either rainfall or the Palmer Drought 
Severity Index (PDSI) was not significant. 
However, summer temperature and mois- 
ture are negatively correlated such that it 
is necessary only to include temperature 
in equation (4). 

In other words, given the numbers of 
autumn cases in Texas in year n —1, we 
can estimate the subsequent numbers of 
winter cases simply on the basis of winter 
temperature. Similarly, starting with 
winter cases, we can estimate the sub- 
sequent numbers of seasonal cases on the 
basis of summer temperature. 

The inclusion of sterile male release 
rates in the model gives an interesting 
though clearly spurious result. It actually 
increases the amount of variation accoun- 
ted for by the model to about r^ —0.82 in 
the case of predicting winter cases from 
autumn cases, and to ғ? = 0.76 in predict- 
ing seasonal cases from winter cases. But 
in each case the prediction is in the wrong 
direction as far as the programme's objec- 
tives are concerned. The inclusion of 
release rates gives positive rather than 
negative regression coefficients equal to 

| +0.245 and +0.403 respectively. This sug- 
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Table 1 Incidence of screwworm cases in Texas in relation to sterile male release rates and seasonal climatic conditions 





Screwworm cases in: 


Autumn Winter 
Year (Ani) (W,) 
1962 ? ? 
1963 12,470 217 
1964 2,628 7 
1965 124 4 
1966 144 23 
1967 855 3 
1968 551 2 
1969 5,577 26 
1970 4 0 
1971 78 8 
1972 217 115 
1973 19,329 59 
1974 5,480 106 
1975 3,321 31 
1976 7,383 225 
1977 9,266 6 
1978 4 0 
1979 419 2 
1980 0 0 
1981 0 1 
1982 0 0 
1983 0 0 
1984 0 0 


COMMENTARY. 
Release Winter 
Season rates temperature 

(Sa) 10° рег day (°F) 
49,363 2.6 47.7 
4,699 6.9 45.7 
216 1.8 44.0 
462 1.0 48.3 
1,180 17 46.0 
832 2.0 47.4 
9,266 3.8 45.7 
135 26 48.8 
92 1.8 47.5 
436 2.5 51.2 
90,865 8.4 50.0 
8,854 6.4 44.4 
6,796 7.9 48.5 
16,733 7.8 41.6 
29,016 9.2 50.0 
33 6.0 44.8 
1,236 4.1 43.2 
30 1.0 43.2 
2 ? 47.9 
4 ? 48.8 
6 ? 47.4 

0 ? T 

? ? ? 


* PDSI, Palmer Drought Stress Index for Texas during July. 
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Table 2 Screwworm case incidence in relation to seasonal climatic conditions—analysis of deviance 


Summer Summer 
temperature rainfall 

(°F) (inches) PDSI* 
82.1 7.86 ? 
82.7 5.89 —4.10 
82.7 5.54 —4.04 
812 5.60 —1.72 
80.9 8.54 0.50 
80.7 6.65 —3.93 
79.9 9.14 3.64 
82.7 5.85 2.05 
80.9 4.68 —0.54 
80.2 10.07 -4.34 
79.8 8.73 0.02 
79.5 10.60 3.87 
80.2 8.82 -2.34 
79.6 8.89 4.08 
79.0 8.96 1.58 
82.5 5.93 —0.80 
82.4 7.23 —3.40 
79.9 10.28 3.23 
84.5 4.46 —1.76 
81.1 11.00 1.54 
81.7 6.81 1.98 

9 9 9 

9 9 9 





Winter cases (W,) 


Model 

Residual 

Parameter Estimate 
a (intercept) -16.24 
b (autumn cases) 0.451 
€ (winter temperature) 0.342 

Seasonal cases (S, ) 

Model 

Residual 

Parameter Estimate 
d (intercept) 69.25 
e (winter cases) 0.963 
J (summer temperature) —0.803 


Sum of squares d.f. Mean square F R? 
48.47 2 2424 24.48 0.74 
16.89 17 0.99 

5.е. t P 
6.843 3.35 «0.01 
0.067 6.67 «0.001 
0.101 3.38 <0.01 

Sum of squares d.f. Mean square F R? 
115.78 2 57.89 17.54 0.67 
56.12 17 3.30 

5.е. t P 
25.83 2.68 «0.02 
0.244 3.95 «0.001 
0.316 2.54 «0.02 


- ESSE 


gests that the number of winter cases and 
the number of seasonal cases actually 
increased with increasing rates of sterile 

male release, which is ludicrous. The rea- 
son for this curious result lies in the fact 
that the release rates were positively corre- 
lated with the numbers of reported cases 
(r?=0.61, P «0.01) because fly produc- 
tion and hence release rates were in- 
creased in an attempt to control the 
burgeoning screwworm population. The 
release rates are therefore not included in 
the model. 

Thus, despite the sterile male release 
programme, screwworm case incidence in 
Texas appears to have been determined 
largely by seasonal climatic conditions, 
especially temperature. The outbreaks 
occurred in response to favourable condi- 
tions, namely, warm winters and cool/ wet 
summers. Conversely, cold winters and 
hot/dry summers, being unfavourable, 





caused case incidence to decrease. This i is 
illustrated in Fig. 1. 

The actual coincidence between out- 
breaks on the one hand and favourable 
seasonal conditions on the other is shown 
graphically in Fig. 2. 


Long-term trends. 


Having shown а clear relationship 
between seasonal climatic conditions and 
screwworm incidence in Texas, it is poss- 
ible to examine the historical record for 
the southern United States with greater 
insight. 

Long-term trends in winter tem- 
peratures for the relevant contiguous 
southern regions of the United States— 
South Atlantic, East South Central and 
West South Central—stretching west- 
wards from Florida through Mississippi 
to Texas, as detailed by Diaz and Quayle?, 
are illustrated in Fig. 3. 





In respect of the South Atlantic Region, 
the appearance of the outbreaks in Florida 
in 1933 and their collapse in 1936 corre- 
spond nicely to the exceptionally warm 
winters of 1931-32, 32-33, and the very 
cold winter of 35-36 (Fig.3a). Also the 
outbreaks between 1945 and 1957 occur- 
red during a succession of warm winters 
and ended with a very cold winter in 1957- 
58, which, as noted earlier, fortunately 
coincided with the Florida eradication 
campaign. In fact in Florida, the 1957-58 
winter was the coldest in nearly 100 
years’. Since 1958, most winters in 
Florida have been cold, Some excep- 
tionally so (for example, 1976-77 and 
1977-78), except for a brief warm period 
in the early 1970s. 

' The East South Central temperature 
pattern (Fig. 3b) is similar but the trend 
towards colder winters during the past 25 
years is even more pronounced. In 
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particular the cold winters of 1962-63, 63- 
64, 69-70 and 76-77 stand out. 

Finally, the West South Central region 
(Fig. 3c), which includes Texas, confirms 
the cool trend, and, in conjunction with 
Fig.2, illustrating more recent tem- 
perature trends in Texas, shows clearly 
that climatic conditions have been highly 
unfavourable for screwworm during the 
past 8 years, that is since the outbreaks 
collapsed in 1977. In Texas (see Fig. 2), 
the winters of 1977-78 and 1978-79 were 
the second and third coldest on record, 
whilst the 1980 summer was the second 
equal hottest on record (see Fig. 2). The 
1983-84 winter was also exceptionally 
cold, killing citrus near San Antonio. The 
sudden downturn in screwworm case 
incidence in 1977 and the very low level 
since is therefore not surprising. 


Predictions 


Seasonal weather conditions, especially 
winter temperature but also summer mois- 
ture are often mentioned as important in 
relation to — screwworm activity”. 
Apparently, even in Mexico, hot dry sum- 
mer weather is a major limiting factor! 
However, Krafsur'® concludes that cli- 
mate was not important to the success of 
the eradication programme but his analyti- 
cal method is inappropriate. 

. Past criticism of the programme has 
centred mostly on other factors such as 
strain fitness?!, genetic isolation”, appli- 
cation rates and so on, particularly to 
account for the 1972-76 outbreaks in 
Texas. 

The present analysis is much more 
damaging. At best.it shows that, although 
the sterile releases may substantially sup- 
press the screwworm population, they 
cannot prevent outbreaks developing in 
response to the occurrence of favourable 
seasonal conditions, at least not in Texas. 
At worst it suggests that the method may 
be ineffective and that eradication from 
the eastern States, namely Florida, occur- 
red naturally because of a succession of 
very cold winters, combined perhaps with 
increased vigilance, more effective pesti- 
cides and changing land use. 

Indeed itis quite possible that the screw- 
worm, which is after all a tropical species, 
might become exceedingly scarce during 
periods of unfavourable climate in areas 
marginal to its normal distribution. It 
could exist at very low population levels 
in small isolated pockets provided by 
waterholes and rivers without being detec- 
ted by man. Evidence for this exists in the 
Texas State Program Reports?! which refer 
fo an estimated ratio of 100:1 actual to 
reported cases during the 1976 summer 
season. Clearly zero reported cases does 
not-necessarily mean eradication. 

It is also possible that an exceptionally 
cold winter such as that occurring in 
Florida in 1957-58, or a succession of cold 
winters, could actually eradicate the 
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Fig. 4 Observed incidence (O) of screwworm 
in Texas during the 1962-82 eradication cam- 
paign compared with predicted incidence (8) 
based on actual winter and summer tem- 
peratures. Dashed lines represent predictions 
given favourable and unfavourable conditions. 


species from areas isolated from the centre 
of the flies distribution. In this respect it 
is significant that the screwworm was not 
known in Florida before the exceptionally 
warm winter of 1931-32; that it appears 
to have reached there by natural pro- 
gression eastward from Texas and 

Louisiana; and that winter temperatures 
in the South Atlantic Region appear to 
have been favourable for the fly only dur- 
ing the mid 1930s, 1950s and, to a lesser 
extent, the mid-1970s, in correspondence 
with the documented outbreaks. Before 
1932 and after 1972 the winter climate 
seems to have been much less favourable 
for the fly in all the southern and eastern 
states (Fig. 3). 

. Admittedly eradication per se is vir- 
tually impossible to prove. But it is poss- 
ible to verify the opposite view by making 
observations over sufficiently long periods 
of time in favourable potential habitats of 
the species concerned. In particular, in 
view of the current work in Mexico and 
the importance placed on the Tehuantepec 
barrier, it is imperative that strenuous 
efforts be made to detect the presence of 
screwworm in potentially favourable sea- 
sons and habitats throughout northern 
Mexico and southern Texas. Should these 
efforts fail, then eradication may more 
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safely be assumed, with the corollary that 
more emphasis be placed on restricting 
the movements of stock. 

If eradication has not been achieved 
then my analysis leads to the prediction 
that the outbreaks will return, despite the 
Mexican programme. Even the additional 
weaponry known as SWASS (screwworm 
adult suppression system), an aerially dis- 
tributed toxic-bait, is unlikely to prevent 
screwworm increase under favourable cli- 
matic conditions? 

Figure 4 compares the observed 
incidence of screwworm cases in Texas 
over the last-20 years with those predicted 
by the model—starting with 49,000 cases 
in 1962 and using the winter and summer 
temperatures actually experienced in 
Texas (from Table 1). The model assumes 
that autumn cases (A,) always represent 
one-third of the previous year’s seasonal 
cases (5,), an average determined from 
the actual case records listed in Table 1. 
The model shows also the expected 
increase or decrease over two seasons from 
the observed 1982 level (six cases) in 
response to either favourable or unfavour- 
able seasonal conditions, based on the 
extremes observed during the 20-year 
period. Unfortunately there is no indepen- 
dent set of data on which to test the modél, 
but if it is correct, we may expect screw- 
worm outbreaks to re-occur in Texas in 
response to the return of favourable cli- 
matic conditions—namely, mild winters 
and cool, moist summers. I sincerely hope 
not, but my money is on the fly! 

Since this manuscript was submitted 
there has been an outbreak of screwworm 
comprising "almost 150 reported infes- 
tations in northeastern Mexico (as near as 
150 miles from the US border) during June 
and July 1985”. a 
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Latest Miocene benthic 6"O changes, 
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and the *Messinian salinity crisis’ 
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Oxygen isotope evidence indicates high but variable 8'*O values in benthic foraminiferal calcite during the latest Miocene 
and earliest Pliocene. These high values may represent increases in global ice volume and associated sea-level fall. The 
5"°O record resembles glacial/interglacial cycles, but with only one-third the amplitude of the late Pleistocene signal. This 
variability may reflect instability in the Antarctic ice sheet, and palaeomagnetic correlation points to an isotopic event 
coinciding with the isolation and desiccation of the Mediterranean basin during the latest Messinian. 














DURING the Messinian Age of the late Miocene, the Mediter- 
ranean Sea was isolated from the world ocean, and thick and 
extensive evaporites were deposited in pre-existing basins of the 
proto-Mediterranean Sea (the ‘Messinian salinity crisis’'). The 
closure of the Mediterranean was controlled by a combination 
of tectonic compression in the western Mediterranean and a 
global sea level fall during the latest Miocene' ^. In 1977, Adams 
et al? stated that “the final severing (between the Mediterranean 
and Atlantic) may have resulted from glacial-eustatic lowering 
of the global ocean. Further stratigraphic resolution of late 
Miocene sea level and ice-volume changes is sought to verify 
the eustatic-fall hypothesis." We address this question here by 
examining high-resolution benthic oxygen isotopic data from 
six sites in the Atlantic and Pacific oceans to determine possible 
relationships between changes in the benthic 6'°O record and 
deposition of the Messinian evaporites. 

The eustatic fali during the latest Miocene has often been 
attributed to an increase in the volume of ice on Antarctica, but 
difierent sets of oxygen isotope data have been found to be 
contradictory. For example, Shackleton and Kennett* proposed 
an expansion of the Antarctic ice sheet to 1.5-1.8 times its 
present size, based on a 0.5% increase in oxygen isotopic ratios 
during the latest Miocene Kapitean Stage at DSDP Site 284, 
South-West Pacific. The increase at Site 284 is somewhat 
tenuous, based upon two points only. Furthermore, isotopic 
analyses of other sections (DSDP Sites 158, 310 and 281) showed 
no evidence of a single large increase in latest Miocene 8180 
values’. This contradiction led Ciesielski et al® to conclude 
that “further oxygen isotopic studies of late Miocene deep-sea 
sediments from the southern high latitudes are obviously needed 
to clarify the true nature of oxygen isotopic change during the 
latest Miocene.” 

We have reanalysed Site 284 at a higher sampling frequency 
to support or reject the 8180 increase reported by Shackleton 
and Kennett*. We have also analysed DSDP Site 516A? and 
three piston cores from Chain Cruise 115 from the Rio Grande 
Rise in the western South Atlantic. Shackleton and Cita’s data 
from Site 397 in the North Atlantic were included because this 
site has been correlated to the Messinian salinity crisis!?!'. From 
Leg 90 in the South-West Pacific, we analysed Sites 588 and 
59017, which offer excellent stratigraphic resolution because of 
high sedimentation rates in the latest Miocene-early Pliocene. 

The placement of the Miocene/Pliocene (M/P} boundary is 
important to this study because its definition is intimately tied 
to the re-establishment of open marine conditions in the 
Mediterranean following the Messinian salinity crisis. The 
boundary stratotype is at the base of the Zanclean Stage at Capo 
Rosello, Sicily, at the contact between the underlying pyritic 


clays and sands of the Arenazzolo unit and overlying Trubi 
marls. In the latest revision of the Neogene timescale, Berggren 
et al.“ suggested that the M/P boundary falls just above the 
Chron 5/Gilbert boundary at 5.3 Myr. The M/P boundary in 
Site 588 was placed at 107 m, based on the first appearance 
datum (FAD) of Globorotalia tumida and the last appearance 
datum (LAD) of Globorotalia conomiozea'^. The boundary in 
Site 588 falls in the lower part of the Gilbert at about 5.0 Myr, 
or 300,000 yr above the Chron 5/Gilbert boundary. Preliminary 
cross-correlation of *"Sr/*6Sr ratios from the base of the Zan- 
clean with magnetostratigraphy from DSDP Site 519 suggests 
that the base of the Trubi at Capo Rosello is several hundreds 
of thousands of years above the Chron 5/Gilbert boundary!*. 


Presentation of data 


The benthic oxygen isotope record from Site 588 is shown in 
Fig. 1. Between 80 and 160 m, we sampled every 70 cm (a samp- 
ling interval of 20-25 kyr). The time control is excellent in Site 
588 because of palaeomagnetic reversal stratigraphy ^; the inter- 
val of high sampling resolution extends from 6.4 to 3.9 Myr. 
Oxygen isotopic ratios during the latest Miocene- early Pliocene 
are clearly marked by high-frequency variation (Fig. 1). The 
amplitude of the 8150 signal is about 0.5%. In the Quaternary, 
the maximum difference between glacial and interglacial 8190 
values is 1.6-1.8%; the amplitude of the latest Miocene-early 
Pliocene fluctuations is thus one-third of the late Pleistocene 
signal. 

In Fig. 1, 3- and 5-point running averages of the raw data are 
presented, to show lower-frequency components of 5'*O vari- 
ation. Oxygen isotopic fluctuations during the latest Miocene- 
early Pliocene resemble typical glacial-interglacial cycles of the 
Quaternary, except in their smaller amplitude. The period of 
these cycles, when the data are plotted against age derived from 
magnetostratigraphy, is ~400,000 yr. Cyclicity of this period has 
been reported to dominate late Miocene carbonate records from 
the Pacific?, and may reflect the natural period of ‘glacial- 
interglacial' oscillation in Antarctic ice volume during the late 
Miocene. 

In the following description of the data, we use the terms 
‘glacial’ and ‘interglacial’ to refer to episodes of net increase 
and decrease іп 810, respectively, although we acknowledge 
that ‘cool’ and ‘warm’ are equally applicable because we cannot 
separate the temperature signal from the ice volume signal in 
the 5'*O record. The intensity of glacial and interglacial cycles 
appears to increase progressively through the latest Miocene 
and early Pliocene. The first prominent glacial interval 
(increased 5'°O values) occurs in the younger normal event of 
Chron 5 between 5.5 and 5.2 Myr. This is followed by a short- 
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Fig. 1 Oxygen isotope results from benthic foraminifers Planulina wuellerstorfi and/or Cibicidoides kullenbergi from Site 588, DSDP Leg 90, 
South-West Pacific. The sampling interval is 20-25 Куг between 80 and 160 m, or between 6.4 and 3.9 Myr if ages!^ are assigned to the 
magnetobiostratigraphy of Barton and Bloemendal’’. The raw 850 data clearly show that the latest Miocene-early Pliocene was characterized 
by high-frequency variation in 5'°O. The amplitude of variation is ~0.5% (one-third of the late Pleistocene signal), and the wavelength is 
~400,000 yr. The 3- and 5-point running averages of the data show the general trends in 8180, and resemble glacial-interglacial cycles. 


term interglacial just above the Chron S/Gilbert boundary 
between 5.2 and 5.1 Myr. Oxygen isotopic ratios reach а 
maximum in the lower Gilbert between 5.1 and 4.8 Myr, reflect- 
ing maximum intensity of glaciation or cooling. An interval of 
lower 5!*O values is apparent in the early Pliocene between 4.8 
and 4.1 Myr, marking a strong interglacial or warming. The 
sampling interval decreases above 80 m, but the record indicates 
that glacial and interglacial events occurred throughout the 
remaining Pliocene. 

Figure 2 is a composite of oxygen isotopic data from six sites 
(Table 1). The chronology is based on the palaeomagnetic 
reversal stfatigraphy of Sites 588 and 397179. The other curves 
were aligned by Inatching oxygen isotope records between sites. 
The biostratigraphic position of the M/P boundary is shown 
for each site, and generally supports the isotopic correlation. 
The position of the boundary is uncertain by 0.5 Myr (at ~5.5- 
5.0 Myr), which is reasonable considering the inadequacies of 
biostratigraphic recognition of the boundary. All sites show an 
interval of relatively high 8!^O values occurring near the M/P 
boundary. The differences in the character of the 8 180 records 
between sites results from different sampling resolution and 
sedimentation rates. 

The benthic 8180 record at Site 397 is remarkably similar to 
that at Site 588. Shackleton and Cita” reported high-frequency 
8180 variation occurring just above and below the position of 
the Chron 5/Gilbert boundary. Oxygen isotopic ratios increase 
in late Chron 5, decrease near the Chron 5/Gilbert boundary, 
increase again in the early Gilbert, and then decrease in the 
early Pliocene. Maximum 8180 values were calculated to be 
0.3% more positive than Holocene values, and the amplitude 
of the 8:80 variation was reported to be about one-third of the 
late Pleistocene signal'?. 

Site 590 shows high 6'8O values in the younger part of 
Chron 6, and in the very latest Miocene in late Chron 5 and 
early Gilbert, just before the biostratigraphic position of the 
M/P boundary. At Site 284, the 6 180) increase reported by 
Shackieton and Kennett* is confirmed with more data; however, 
the increase is no longer single-peaked, but quite broad, span- 
ning the M/P boundary. Following the interval of high à'*O 


values, oxygen isotopic ratios show a distinct decrease in the 
early Pliocene. At Site 516A, oxygen isotopic ratios are similar 
throughout much of the late Miocene and early Pliocene, except 
for anomalously high 8!*O values above and below the biostrati- 
graphic placement of the M/P boundary. These extreme values 
were reproduced by analysing replicate samples, which gave 
indistinguishable results within analytical error. Site 516A was 
sampled every 50,000 yr, and the low resolution of the sampling 
at this site is probably responsible for the compressed nature 
of the 8180 increase. Oxygen isotopic ratios at Site 516A show 
a prominent decrease near the top of the record in the early 
Pliocene. At Chain site (CH) 115, we sampled three piston cores 
at 10-20-cm intervals to provide higher resolution over the M/P 
boundary in the South Atlantic. The oxygen isotope record of 
the individual piston cores (Chain 64, 67 and 86PC) shows 
similar trends; the data from the three cores were stacked to 
produce the composite record shown in Fig. 2. The CH 115 data 
clearly show a distinct interval of higher 810 values associated 
with the M/P boundary, followed by a trend toward decreasing 
6180 values in the early Pliocene. 

All sites show an increase in 5!*O values in the latest Miocene, 
as originally observed by Shackleton and Kennett* at DSDP 
Site 284. But whereas the Shackleton and Kennett data* show a 
single point-increase in 5'°O, the higher-resolution records 
demonstrate that the latest Miocene was marked by high- 
frequency 8:30 variation consisting of several ‘cool-glacial’ and 





Table 1 Sample localities 





Site Latitude Longitude Water depth 
Chain 115 30°00' S 35°00’ W 2,100 m 
DSDP 284* 4093175 1679417 E 1,066 m 

3971 20°51' 5 15°11’ W 2,900 m 
516At 30°17'S 35°17’ W 1,313 т 
588 26°06 'S 161°13' Е 1,533 т 
590$ 31*10' S 163°22' E 1,299 m 





* See also ref. 4. t See ref. 10. 3 See also ref. 9. § See also ref. 12. 
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Oxygen isotopic results from Sites 588 (South-West Pacific), 397 (North Atlantic), 590, 284 (South-West Pacific), 516A. and СН115 


(South-West Atlantic) over the M/P boundary. Oxygen isotopic analyses were generated on the benthic foraminifers Planulina wuellerstorfi 
and/or Cibicidoides kullenbergi at Sites 588, 590'?, 516A? and CH 115; several species were run at Site 397 and adjusted to Uvigerina peregrina? 
Uvigerina spp. were analysed in Site 284*. The palaeomagnetic stratigraphy for Sites 588 and 397 is after Barton and Bloemendal”? and 
Hamilton", respectively; ages assigned to magnetic boundaries are after Berggren et al.'*. The M/P boundary was placed in the lower Gilbert 
at 107 m at Site 588, based on the FAD of Globorotalia tumida and LAD of Globorotalia conomiozea??. The biostratigraphic placement of the 
M/P boundary is indicated by an arrow. All sites show a general increase in 8180 values in the latest Miocene as originally reported by 
Shackleton and Kennett* at Site 284, but the high-resolution record of Site 588 demonstrates that the latest Miocene was also marked by 
high-frequency 5:80 changes consisting of several *cool-glacial' and *warm-interglacíal' episodes. 


*warm-interglacial] intervals. The data from Site 588 suggest 
that maximum 8180 values occur during late Chron 5 and early 
Gilbert. The time interval dominated by high 5!*O values is 
~500,000 yr, brief enough to be easily missed by inadequate 
sampling, poor core recovery or removal by erosion or dissol- 
ution. These factors have undoubtedly contributed to the repor- 
ted absence of an increase in late Miocene 5'5O values in other 
studies’. 


Ice volume changes 


The high-frequency 5:80 variations in the latest Miocene and 
early Pliocene suggest that ice volume and/or temperature 
changes occurred throughout this interval. With benthic oxygen 
isotopic data alone, we cannot deconvolve the isotopic signal 
into its temperature and ice volume components; however, the 
fact that we observe similar benthic 8!5O patterns in six different 
sites, located at different depths and in different ocean basins, 
suggests that these changes were at least partially controlled by 
compositional changes in the 6:80 of sea water due to fluctu- 
ations in global ice volume. 

Many authors have suggested an expansion of ice on Antarc- 
tica during the latest Miocene, including the development of 
the West Antarctic ice sheet*?"?*, Mercer suggested that ice 
rafting would abruptly increase its range as ice shelves and 
floating ice tongues first formed in the Antarctic, because tabular 
icebergs carry several orders of magnitude more load than do 
temperate outlet glaciers’, During the latest Miocene, the 
Antarctic Convergence moved northward by 300 km and the 
distribution of ice-rafted detritus abruptly expanded equator- 
ward???*7$ For example, ice-rafted detritus became con- 
spicuous for the first time on the Falkland Plateau at 50? S in 
the Atlantic’. Drewry suggested that conditions suitable for the 
formation of the marine-based West Antarctic ice sheet did not 
occur until the late Miocene (4-5 Myr). Although the age of 
the Ross Sea disconformity is controversial, several authors 
suggest that it was formed during the late Miocene to early 


Pliocene and indicates the presence of grounded ice in West 
Antarctica?! 

Ciesielski et al. concluded that the sedimentary record of the 
Maurice Ewing Bank precludes the existence of a West Antarctic 
ice sheet or extensive ice shelves along the Antarctic margin 
before the late Miocene®. Widespread erosion of the Maurice 
Ewing Bank in the latest Miocene is inferred to have been caused 
by the first production of ‘true’ Antarctic Bottom Water 
(AABW)*, formed by the cooling of surface waters beneath the 
vast ice shelf that would have extended over much of West 
Antarctica in the latest Miocene, before the central part of the 
West Antarctic ice sheet had been grounded. 

The mid-latitude history of Southern Hemisphere glaciation 
supports the general oxygen isotopic trends presented here. The 
earliest known tills from Argentine Patagonia are latest Miocene 
in age, and reflect glacial expansion beyond the Andean Moun- 
tain гоп”, This glacial evidence provides a minimum age for 
the initial growth of the West Antarctic ice sheet to the south 
of South America. The latest Miocene Patagonian glaciation is 
followed by an interglacial interval during the early Pliocene, 
and a renewed glacial advance at about 3.6 Myr. 

The amplitude and frequency of 5'°O changes, coupled with 
ancillary sedimentological and glaciological evidence, suggest 
that substantial changes occurred in global ice volume during 
the latest Miocene and early Pliocene. Three possible loci of 
ice growth and decay exist: East Antarctica, West Antarctica 
and the Northern Hemisphere. Part of the 8!?O signal could 
reflect ice-volume instability resulting from periodic grounding 
and ungrounding of the West Antarctic ice sheet during the 
early stages of its formation. Even today the West Antarctic ice 
sheet is inherently unstable and highly susceptible to small 
changes in high-latitude summer temperatures??. Calculations 
show that formation of the West Antarctic ice sheet would not 
dramatically alter the oxygen isotopic composition of sea water 
because of its small volume (3.5-1.8 x 10° km?) and relatively 
high 8180 (—20 10-30%). 
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The Messinian salinity crisis 


We suggest a strong correspondence between the trends in the 
oxygen isotopic data and the deposition of the Messinian 
evaporites. Correlations between 8'^O and evaporite deposition 
have also been discussed previously! ?. The Messinian 
evaporites were deposited during two discrete stages in late 
Chron 5 and earliest Gilbert!??9?, The lower evaporite (‘Main 
Salt) unit contains thick halite deposits associated with 
potassium salts. The great thickness (1 km) of salt implies а 
continuous supply of marine waters, and communication 
between the Mediterranean and the global ocean throughout 
much of the salinity crísis. Within the Main Salt unit, sedimento- 
logical evidence indicates many cycles of marine flooding and 
evaporative drawdown of water, followed by subaerial 
erosion???!, 

Towards the end of deposition of the Main Salt unit, the 
supply of brine from the Atlantic was probably cut off because 
of near-complete isolation of the Mediterranean”. This desicca- 
tion interval is represented by a widespread unconformity 
separating the lower and upper evaporite units, and included 
erosion and recycling of primary salts from the periphery of the 
basins. This erosional event was followed by an intra-Messinian 
transgression, when the Mediterranean may have been refilled 
‘to the brim”. Next, the upper evaporite unit was deposited, 
consisting of cyclic deposition of marls, stromatolitic carbonates, 
gypsum, anhydrites and salts. These cycles represent repetition 
of marine inundation, isolation and evaporative drawdown. 
Evaporite deposition ceased in the early Pliocene, when tectonic 
breakage of the dam at Gibraltar and a marine transgression 
refilled the Mediterranean, resulting in the restoration of deep- 
water pelagic sedimentation. 

The similar character, timing and duration of trends in the 
oxygen isotopic data and the Messinian salinity crisis imply a 
causal relationship. The final isolation of the Mediterranean 
was controlled by long-term tectonic uplift of the western 
Mediterranean as well as rapid sea-level lowering during the 
latest Miocene’. The relatively high 8'5O values in the younger 
normal event of Chron 5 record an ice-volume increase and 
eustatic sea-level fall that contributed to the isolation of the 
Mediterranean. The final connection between the Atlantic and 
the Mediterranean is believed to have been through the Betic 
Straits in southern Spain and/or Rif Straits in northern 
Morocco’. Berggren and Haq”? proposed an abrupt drop in sea 
level of 50-70 m at 5.5 Myr from benthic foraminiferal assem- 
blage changes in the Andalusian stratotype at Carmona, Spain. 
The isolation of the Betic Straits at 5.5 Myr coincides with the 
increase in 81%0О values reported here at the base of the younger 
normal event of Chron 5 (5.6-5.5 Myr). 

The lower and upper evaporite units are often separated by 
an unconformity marking near-complete desiccation of the 
basin. Marine marls overlie the unconformity in some sections, 
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and indicate an interval of marine transgession that partly oi 
totally refilled the Mediterranean??. This intra-Messinian trans- 
gression may be represented by the relatively low 818О values 
that occur near the Chron 5/Gilbert boundary in several sites 
(588, 397, 516A). Increased sampling resolution and 
examination of the palaeomagnetic stratigraphy of other high- 
quality sections are needed to confirm this suggested correlation. 

Maximum 810 values occur in the Lower Gilbert (5.1- 
4.8 Myr), which we correlate with the latest Miocene or upper- 
most Messinian. These high, variable 8'5O values appear to 
coincide with the cyclic deposition of the upper evaporite unit. 
The high-frequency variation, superimposed on a lower- 
frequency component (400,000-yr period), may represent sea- 
level oscillations that controlled the flux of marine waters across 
the sills separating the Atlantic and the Mediterranean during 
the latest Miocene. Periodic inundation of marine waters into 
a largely desiccated Mediterranean resulted in the cyclic deposi- 
tion of the upper evaporite unit. During the early Pliocene 
between ~4.8 and 4.1 Myr, all sites show a decrease in 8180 
reflecting a strong interglacial or warming. The early Pliocene 
has been characterized as a time of global warmth**, and is 
transgressive in many shallow marine sequences throughout the 
world’?**. The decrease іп 8150 in the early Pliocene coincides 
with termination of evaporite deposition and restoration of 
open-marine conditions in the Mediterranean. 

As other authors have suggested'?911293935 we speculate 
that the isolation and desiccation of the Mediterranean during 
the latest Miocene was controlled, in part, by glacio-eustatic 
changes as recorded by benthic oxygen isotopic ratios. Latest 
Miocene-early Pliocene oxygen isotope records are marked by 
high-frequency changes that resemble Quaternary glacial-inter- 
glacial cycles. The amplitude is about one-third of the late 
Pleistocene signal, and the wavelength is ~400,000 yr. Increased 
8'5O values at the base of the younger normal event of Chron 5 
coincide with a drop in sea level at 5.5 Myr, recorded in the 
Carmona Dos-Hermanos section in southern Spain??. This eus- 
tatic lowering is believed to have severed the final connection 
between the Atlantic and the Mediterranean, and permitted the 
onset of evaporite deposition. In some sites, a negative excursion 


` in 8150 occurs near the Chron 5/Gilbert boundary between 5.2 


and 5.1 Myr, and may correspond with an intra- Messinian trans- 
gression that temporarily refilled the Mediterranean. Maximum 
8180 values occur in the Lower Gilbert between 5.1 and 4.8 Myr, 
and correspond with the deposition of the upper evaporite unit. 
The evaporites show evidence of distinct cyclicity, which may 
have been controlled by sea-level changes related to the waxing 
and waning of latest Miocene ice shects^11293935, as suggested 
by high-frequency 5'*O changes. A rapid decrease in 8'80 is 
evident at all sites during the early Pliocene at about 5.0 Myr, 
marking a glacial retreat and marine transgression that coincided 
with the termination of the salinity crisis and restoration of 
open-marine conditions in the Mediterranean. 
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A new acute transforming feline retrovirus, the Hardy-Zuckerman 4 feline sarcoma virus (HZ4-FeSV), has been isolated 
from a feline fibrosarcoma. The viral genome of HZ4-FeSV contains a new oncogene designated v-kit, has the structure 
5' Agag-kit-Apol-Aenv 3'and specifies a gag-kit polyprotein of relative molecular mass 80,000. The predicted kit amino-acid 
sequence displays partial homology with tyrosine-specific protein kinase oncogenes. HZ4-FeSV appears to have been 
generated by transduction of feline c-kit sequences with feline leukaemia virus. 





VIRAL and non-viral oncogenes can be classified into four 
distinct groups according to their functional properties—protein 
kinases, GTPases, nuclear proteins and growth factors, the first 
of these groups being by far the largest. The functions of the 
normal cellular counterparts (c-oncs) are known for the 
oncogenes sis, erb-B and fms; the v-sis gene of the simian 
sarcoma virus and the Parodi-Irgens feline sarcoma virus (PI- 
FeSV) is the homologue of platelet-derived growth factor'>, the 
erb-B protein of avian erythroblastosis virus (AEV) is 
homologous with the epidermal growth factor receptor’, and 
the c-fms protein is related to the receptor for the macrophage 
colony-stimulating factor CSF-1 (ref. 5). The current notion is 
therefore that c-oncs are components of signal transduction 
pathways. Many of the known oncogenes were discovered 
through their association with retroviruses. Oncogenes of acute 
transforming retroviruses (v-oncs) are acquired by transduction 
of c-onc sequences by retroviruses and have been isolated in 
several vertebrate species from neoplasms of retrovirus-infected 
animals. Some v-oncs have been found in multiple virus isolates 
of the same species while others have re-emerged in viruses 
isolated from different species, indicating that the pool of c-oncs 
which can be transduced by retroviruses is limited. 

Feline leukaemia virus (FeLV) is transmitted horizontally 
between domestic cats and is associated with a wide spectrum 
of neoplastic and blastopenic diseases. Like other retroviruses, 
FeLV can transduce c-onc sequences®’, The rare naturally 
otcurring FeLV-associated feline multicentric fibrosarcomas 
have been a rich source of acute transforming retroviruses. Nine 
FeSV strains have been isolated from feline fibrosarcomas: 
Snyder-Theilen(ST), Gardner-Arnstein (GA), Susan McD- 
onough (SM), Gardner-Rasheed (GR), PI, Theilen-Pederson 
(TP1) and Hardy-Zuckerman (HZ1 and Н22)27-!° Five 
different oncogenes have been identified in these viruses—v-fes, 
v-fms, v-fgr, v-abl and v-sis—indicating that there is no par- 
ticular specificity for the transduction of c-oncs by FeLV2"5-18, 
To investigate further the repertoire of proto-oncogenes that 
can be transduced by retroviruses, we have isolated and charac- 
terized another FeSV strain, the Hardy-Zuckerman 4 feline 
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sarcoma virus (HZ4-FeSV). This virus contains a unique 
oncogene, which we have designated v-kit, and the predicted 
kit amino-acid sequence displays partial homology with protein 
kinase oncogenes. We also describe the identification of FeLV 
gag sequences that are preferentially involved in the generation 
of acute transforming feline retroviruses. 


Isolation of HZ4-FeSV 


A 7-yr-old FeLV-infected male domestic cat (SKI 3637) with 
multiple fibrosarcomas was obtained from a pet household in 
St Louis, Missouri. The second digit of the right hind leg had 
been removed because of the presence of a solitary fibrosarcoma. 
A year after the initial surgery six fibrosarcomas recurred on 
the right hock and milliary metastases were present in the lungs. 
The FeLV isolated from the serum and from tumour tissue of 
cat 3637 was determined as belonging to subgroups A and B 
(ref. 19). Infection of feline embryo fibroblasts (FEA) and 
CCL64 mink cells with 0.8 рт filtrate obtained from a homoge- 
nate of one of the primary tumours produced distinct foci of 
transformed cells. Mink HZ4-FeSV virus non-producer cells 
were obtained from which transforming virus could be rescued 
by superinfection with amphotropic murine leukaemia virus 
(MuLV). This result indicated the replication-defective nature 
of the HZ4-FeSV. HZA-FeSV non-producer mink cells display 
characteristic parameters of transformation, that is, they grow 
in soft agar and they induce fibrosarcomas in nude mice. 


Genetic structure of HZ4-FeSV 


The structure of the integrated HZ4-FeSV provirus in the DNA 
of HZ4-FeSV-infected mink cells was first investigated by 
Southern blot analysis. A 9.6-kilobase (kb) HindIII restriction 
fragment, presumed to contain the entire HZ4-FeSV provirus, 
was identified using a FeLV hybridization probe (data not 
shown), and cloned using the A vector Charon 30 (Fig. 1 legend). 
Figure 1A shows a restriction map of the integrated HZ4-FeSV 
provirus. Restriction fragments containing FelV-related 
sequences were identified by hybridization of Southern blots 
with an FeLV rep probe and the genetic structure of the HZ4- 
FeSV provirus was confirmed by hybridization with probes 
specific for gag and env (data not shown). A Sac/ Sal fragment 
of 0.75 kb (2.75-3.5 kb) was found to lack homology with Ее! У 
sequences, indicating that this fragment contains the HZ4-FeSV 
v-onc sequences. We have designated the HZ4-FeSV-specific 
sequences v-kit. In agreement with the genetic structure of the 
HZA-FeSV, a 4.5-kb genome RNA was detected in HZ4-FeSV- 
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Fig. i Genetic structures of the HZ4-FeSV genome. А, Restric- 
tion map and genetic structure of the molecularly cloned HZ4-FeSV 
provirus. The restriction enzymes used to construct this map were 
EcoRI (R), HindIII (H), Sacl (Sc), Smal (Sm), KpnI (Kp), BglII 











8 g Kp Bo Bg Kp 9 % " (Bg), SalI (Sa) and XhoI (X). B, Identification of HZ4-FeSV 
= : translation product and determination of their immunological 

н Sc Sc Sc бай X + Sc Sc R relationship with v-fes and v-fms protein products. Extracts of 
cells jabelled with *H-leucine were immunoprecipitated and ana- 

LTR a Tu rum LTR lysed by SDS-PAGE essentially as described previously’. Lane 1, 
cellular mink CCL64 cells; lanes 2-7, 6B2 HZ4-FeSV mink cells. Lanes 1, 
sequences 3, rabbit anti-FeLV-p27 serum; lane 2, normal rabbit serum; lanes 
L— — p80— —4| gag-kit protein 5a, b, goat anti-ST-FeSV serum; lanes 6a, b, goat anti-GA-FeSV 

ѕегит; Јапеѕ 7a, b, goat anti-SM-FeSV and serum; lane 4, normal 

goat serum. The goat sera were used either unabsorbed (lanes 5a, 

ô 1 3 3 4 5 6 1 3 5 6a, 7a) or after absorption with excess detergent-disrupted FeLV-A 
kb and -B (lanes 5b, 6b, 7b) in order to render them fms- and fes- 


92K— 
68K— 





Fig.2 Nucleotide sequence of the HZ4-FeSV 
gag-kit gene. The complete nucleotide 
sequence of the gag-kit gene sequence was 
determined by the dideoxynucleotide chain 
termination method of Sanger following sub- 
cloning of fragments into the M13 vectors mp18 
and mp19 (refs 22, 49). The predicted amino- 
acid sequence of the only long open reading 
frame is shown above using single-letter amino- 
acid notations. The numbers at the end of each 
line refer to nucleotides with position +1 
defining the beginning of the gag gene. The 
nucleotides determining the 74-amino-acid gag 
leader have been assigned negative numbers as 
proposed by Hampe et al". Junctions between 
the gag proteins p15, p12 and p30 are indicated 
as well as the 5’ and 3’ boundaries of the v-kit 
sequences. The v-kit nucleotide sequence was 
determined on both strands and all restriction 
sites were crossed; the gag nucleotide sequence, 
on the other hand, was determined at least on 
one strand. The 5’ recombination site between 
gag and kit sequences was deduced by com- 
parison of the gag~kit sequence with that of 
the known FeLV gag sequence'””*, To deter- 
mine the 3' recombination site between v-kit 
and FeLV pol, the gag-kit sequence was com- 
pared with the sequence of the GA-FeLV pol 
gene (5та/ Крп fragment, 4.9-5.1 kb of the 
GA-FeLV map). The nucleotide sequence of 
the GA-FeLY Sma/Kpn pol fragment was 
determined on both strands. 


specific”. 
Methods. The A phages were grown in Escherichia coli K802 and 
LE392 and their DNA was prepared according to standard pro- 
cedures. Plasmids were grown in E. coli HB101. Plasmid DNAs 
were prepared essentially according to the cleared lysate method 
or the SDS-lysis procedure and centrifugation in CsCl-ethidium 
bromide gradients. Partial library cloning: A partial genomic 
library of HZ4-FeSV mink non-productive DNA was constructed 
using the A vector Charon 30 (ref. 47). HZ4-FeSV mink non- 
—80K productive cell DNA (150 нр) was digested with the restriction 
enzyme HindIII and then fractionated in a salt/sucrose gradient 
as described elsewhere*”. The fractions containing the HZ4-FeSV 
provirus were identified by Southern blot analysis using an FeLV 
rep hybridization probe. The HZ4-FeSV 9.6-kb DNA fraction was 
ligated into A Charon 30 HindIII arms, then packaged in vitro to 
generate viable phage particles. The partial library was screened 
for FeLV sequences using the method of Benton and Davies with 
ап FeLV rep hybridization probe*’. The insert of the A HZ4-FeSV 
was subcloned into the unique HindIII site of pBR322. Hybridi- 
zation probes: the entire insert of the plasmid FeLV-B and a 1.0-kb 
restriction fragment containing 1.13-2.1 kb of the FeLV-B restric- 
tion map were used as a FeLV rep and a 5' gag probe, respectively’. 
2P_labelled probes were prepared by nick-translation as described 


Н 11 

previously. 
gag leader 
A 5S G $ 56 JY A 1 G A H L F 6 Y 5 PE L S F G Kk T UL G À G A f G& X v V E A T À 
KTGTCIGGAGCCTCTABTGGGACAGCCATTGGSGCTCATCTGTTTGGEGTCTCACCTGAA -161 CTGAGTTI TGGGAAAACCTTGGG TGCCGSTSCCTTCGGGAA GG TGG TTEAGGCCACTECA 1158 
C R W11 65 D E G À 6 P S K S L S E V 5 Y G L1 X $ 0 A A M T Y AY K M L K P 5 
TéCAGGR TE TTGATCGGAGACGAGGGAGCCGGACCCTCARASTCTCTTTCTGAGGTTTCA -103 TATGGCCTGATTAAGTCGGATGCAGCCATGACCGTTGCTGTTAAGATGCTCAAACCAAGT 1218 
FSV Y Q S R A A RU Y IF CL WAS A H t T E REALM $ E L K V L 51106 
TTTTCEETTTGGIACCAMASCCBCGCGGCACGTCTTGTCATYTTTYGTCTGGTTGCGTCI -43 BCCCATTTAACCGAACGAGAAGCCCTCATGTCCGAGCTCAAAGTCTTGAGTTACCTCGGC 1278 


end gag leader — 0 — start gag pis WOHON OK LY N LU B AC T Y 6 6 P T LY 

FLYPCLUTE AETY AKTCACATGARTATIGTGARTCTTCTCGGAGCATGCACCGTTGGAGGGCCCACCCTGGIC 1338 

TTICTTGTCCCTTGTCTAACCITTTTGATTGCAGAAACCGTCATGGGCCARACTATAGCT 18 
DTE Y CC Y GO LL NF LRRXRDS 

Y P LS UL DH Ves E vn ÀRgRAMMNAQ ATTACTGAGTATIGTTECTATGGTEATCTITIGAATTITTTGAGAAGAAMACGTGATICA 1398 

ALCCLCTTARECCTCACECTIGATCACTEGTCIGAAGTCCGGGCACGADCCCATAATCAA 78 


F 1 C Sk QE 0 H Á &€ V A L Y K N L L Q 
G V E Y R X K X Ny Y T L C E À E V V M M YTTATTTGCTCAAAGCAGGAAGATCATGCAGAAGTGGCACTTTATAAGAACCTTCTGCAG 1456 
EGTGTCGAGGTCCGGARARAGAAATGGGTTACCTTATGTGAGGCCGAGTGGGTGATRATG 138 
к SK ES S C 3M D S J M E Y N D M Kk P G Y 
WPREG TF S к TCAAAGGAGTCTTCCTGCARCGATAGTACTAATGAATACATGGACATGAAACCCGGAGTT 1518 


куб LORI S Q v E 

ATGTGGSCIGGCCCCGAGAAGGARCTTTTTCTCTTGATAACATTTCCCAGGTTGAGAAA 198 

5 Y V Y P TK ADX R R S A R IG S Y I 

K LF AP GP Y G H P D Q Y P Y 1 T T W TCTTATGTTGTGCCAACCAAGGCAGACAAAAGGAGATCTGCCAGGATAGGCTCATACATA 1578 
AAGATCTICGCCCCOSGACCGTATGGACACCCCGACCAAGTTCCTTACATTACCACATGG 250 
E R DO Y T P A 1 M E D G E L A Ll D L FE DO 
GAAAGAGATGTGACTCCCGCCATCATGGAGGACGGTGAGTTGGCTCTAGACCTGGAGGAC 1638 


RSLATOD? PS M V R P F L P P P K P 
M&ATCCTTAGCCACAGACCCCCCTTCGEGSSTTCGTCCGTTTCTACCCCCTCCCAMACCT 318 

LL $ F S Y Q Y À K G M À F L A S5 Kae 
P T Pu P QP L S 9? QP S A P L1 T S SL TIGCTGAGCTICTCGTACCAGGTGGCCARGGGCATGGCATTCETCGCCTCOAAGAATTGT 1698 
CCCACACCCCTECCTCAACCTCTTTCGOCGCAGCCCTCCGCCCCYCTTACCTCTTCCCTC 3278 

I EH R D L A A RN 1 LL T uH G R UTR 
4-2 ATTCACAGAGACTTGGCTEC TAGAAATATCCTCCTIACTCATGGTCGARTCACAAAGATT 1758 
ti V L P K T D P P X P P Y L P P O P S 
TACCCCGTTCTCCCCARGACAGACCCTCCCARACCGCCTGTETTACCGCCTGATCCTICT 438 C 0 F G L À R O I K N D S N Y V V FG N 

H TGTGATTTTGGTCTAGCCAGAGACATCAAGARTGATTCTAATTATGTGG ТСАААОБАЛАС 1818 

$ PL [ O0 L L T E E P P P Y P b G H 6 P 
TCOCCTTTAATTGATCTCTTAACAGAAGAGCCACCTCCCTATCCGGOGGGTCACOGSCCA 498 


À RL P V K WW N A P E STF N C v TT F 

GCTCGGCTACCTGTGAAGTGBATGGCACCTGAAAGCATTTTCAACTGIGTGTACACATIT 1878 
X P S G P RI P 1 A $ P I A $ R lU R E R S 
CTGCCATCAGGTCCTAGGACCCCAACCGCTTCCCCGATTGCAAGCCGGCTAAGGGARCGA 558 


E S D Y W $ Y G 1 F L V E L F S L 6 S 5 
GAMAGTGATGTCTGGTCCIATGGGATITTTCTGTGGGAGCTGTTCTCTITAGGAAGCAGC 1938 
р-ро 
Q A LlP i R £ & P N N В 
CCAACAACCGA 


R E K P AE ES ? Y PG MN-P WD $ X F Y K M I K E G F A 
CGAGAAAACCCTGCTCAAGAATCTCAAGLOCTCCCCTT 618 CCCTACCCTGGRATGCCAGTCGACTCTAAGTTCTACARGATGATCAAGGARGGRTTCCÓA 1998 
POQ Y M POF S A S DU Y 3 V K S H N PP ML S PE HAP AE KY ODI MX T C vb 
CCCCÁGTATTGGCCATTCICAGCTTCAGACCTGTATAACTGGAAGTCGCATARCCCCOCT 678 ATGCTCAGCCETGAGCALGCACCTGCTGMATGTATGACATAATEAAGACTTGCTGGGAT 2058 
rFÍQDP Y AL LN L 1 £ S li v 1 HQ A DP LK RP T F Kx QI v QUI E K ОК 
TTCTCCCAAGACCCAGTGECCCTAACTAALCTAM TEAGTCCATTTTAGIGACGCATCAA 238 GCTGATCCCETGAAAAGGCCALCATICARGCAGATCGTGCAGCTAATCGAGARGCAGAMA 2118 
P LM DODCGQGQLUitLQALiL TG EE RG end v-tit FeLV pol 
CCAALCTGGGACGACTELCAGCAGCTCTTGCABGCACTCCTGACAGGCEARGAAAGGCAA 798 NK N a к“ 
с ФАТАДАААТІ AACEGTCTTACECACTSARCTTATAGAGGGTCCCAMAAGGCCTCC 2178 

RYLILECARKQYPGEDSRPTRQL 
AGEGICCTICITGAGGCCCGARAGCASGTTCCASGCGAGGACGGACGGCCAACCCMALTA 858 ATGGGAATATGATGACAGTGATTTAGACCTTGTGCAAAMACICGAAGCTCATTATGAGCC 2238 
FOR OW POE T F PL T R PN VD F ATP AMAMAGAGETACC 2251 
CCCAATGTCATTGATGACACTTTCCCCTIGACCCGTCCCARCTGGGATTTTGCTACGOCS — $18 
A G 8 E H LRL Y R QU L L A G LR GÀ 3' Recombination Site in FeLY pol : 
БСАСБТАБССАССАССТАССССТТТАТСОССАСТТОСТАТТАССБССТСТССӨСЄССОСТ 978 start Fely, овоа 

end FelY gag start v-kit TAKKAATETSHSSLTITSYILSPTESL 
A RR POT NL A Q Y X Q Y E LN G н ACAGCARAGARRGCCGLCACAGAGACTCATTCATQACTAACCGTCT TACCCACTGAACTT 
GCMAGACGCCCCACTAATITGGCACAGGTARAGCAGGTTGTEGAGGAGATAARIGGARAC 1038 


| E G P Қ Repolymerase readingírama 
Mo Y 1 DP T Qi P Y* D H K u E F P RAR ATAGAGGGTCCCARAAGGCC Y CTATGUGAA 
ARTTACATAGACCCAACACAGCTTCCTTACGATCACARATGGBAGTTTCCCAGAAACAGG 1098 " e 
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Fig. Э Comparison between sequences of v-kit and tyrosine kinase. A, The predicted v-kit amino-acid sequence (amino acids 341-370) is 
compared with that of the tyrosine kinase genes v-fms, v-fes, v-abl, v-fgr, y-src, HER and HIR. The amino-acid alignment was adapted from 
Ullrich et al?’ with minor modifications. Amino-acid indentities are indicated by a dash and gaps as empty space. The sequence signatures 
of the nucleotide-binding domain GXGXXG at amino acid 374 and Lys 401 are indicated by a star and a solid circle, respectively. Tyr 601 
in the phosphorylation domain is indicated by +. B, Hydrophobicity analysis of v-kit (a) and v-fms (b). The method of Kyte and Doolittle 
was used with a window of 11 amino acids (ауд! The shaded areas indicate the non-homologous middle domain of v-kit and v-fms. 
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infected mink cells that hybridized with FeLV and kit hybridi- 
zation probes (data not shown). 

To identify HZ4-FeSV-encoded proteins in HZ4-FeSV- 
infected mink cells, extracts of metabolically labelled cells were 
immunoprecipitated with antisera specific for the FeLV struc- 
tural proteins, and then analysed by polyacrylamide gel elec- 
trophoresis (PAGE). The only protein detected was a polypep- 
tide of rélative molecular mass (M,) 80,000 (80K), designated 
p80, which was precipitated with antisera specific for the FeLV 
gag protein, p27. The genetic structure of the HZ4-FeSV provirus 
(Fig: 1B) predicts that the p80 protein is composed of both gag 
and kit sequences. 

. On transfection of NIH 3T3 mouse celis, the cloned `Н24- 
FeSV provirus induced foci of transformed cells with an 
efficiency of —10* focus-forming units (FFU) per pmol (ref. 20). 
Focus-forming virus could be obtained from the transformants 
by superinfection with amphotropic MuLV (105-10* FFU mI" ?), 
indicating that the cells contained the entire provirus.. The mor- 
phology of the foci of transformed cells obtained by transfection 
with the pHZ4 DNA was indistinguishable from foci induced 
by HZÁ-FeSV (amphotropic MuLV) pseudotype virus on NIH 
3T3 cells (data not t shown). 


v-kit and protein-tyrosine kinase genes 


The relationship between the HZ4-FeSV v-kit sequences and 


. those of the known avian and mammalian retroviral oncogenes 


was determined by hybridizing Southern blots containing the 
DNA of 18.different oncogenes with ?P-labelled HZ4-FeSV 
DNA. No homology was found between HZ4-FeSV sequences 
and sequences of the oncogenes h-ras, k-ras, n-ras, myc, myb, 
ski, fos, sis, src, yes, ros, abl, mos, fes, erb-A erb-B, rel or raf 
(ref. 21). However, a weak hybridization signal was detected 
with the 1.6-kb Крп/ BglII] v-fms restricting fragment, although 
this hybridization was lost on washing at 65 *C in 0.2x SSC. As 
both y-fmms and the HZA-FeSV v-kit sequences аге of feline 
origin, this indicates that HZ4-FeSV does not contain feline 
v-fms sequences. Furthermore, hydridization of blots containing 
HZ4-FeSV DNA with v-fms hybridization probes demonstrated 
that this homology included sequences of the v-fms kinase 
domain (not shown). Analysis of the immunological relationship 
between v-kit and v-fms by immunoprecipitation and SDS- 
PAGE revealed no immunoprecipitation with a polyclonal fms- 
specific antiserum, indicating that this reagent does not recognize 
determinants shared by v-kit and v-fms (Fig. 1b). 
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Fig. 4 kit sequences in normal DNA and in DNA from the tumour of cat 3637. A, Identification of c-kit sequences in normal mammalian 
DNAs. DNA from the kidney of cat 3590 was prepared from frozen tissue. The tissue (1 g) was homogenized in а Vitris homogenizer in TNE 
(10 mM Tris pH 8.0, 100 mM NaCl, 10mM EDTA), nuclei were isolated by differential centrifugation and DNA was prepared from the nuclei 
as described previously. Aliquots (10 yg) of cat 3590 DNA, МІН 313 mouse DNA and human DNA (acute lymphocytic leukaemia line 
T-ALL-1) were digested with the restriction enzymes EcoRI (lanes 1, 3, 5) and HindIII (lanes 2, 4, 6) and fractionated in a 1% agarose gel. 
A Southern blot containing these DNAs was hybridized with a ??P-labelled v-kit probe (2.75-3.5-kb Sac/ Sal fragment) using non-stringent 
hybridization conditions. Blots were washed at 65 °С in 2x SSC. Migration of HindIII А DNA fragments is indicated in kb. B, Identification 
of the HZ4-FeSV provirus in tumour DNA of cat 3637. DNA was prepared from tumour tissue (T) and from the liver (L) of cat 3637 and 
digested with, restriction enzymes SacI (lanes 9, 10), EcoRI (lanes 7, 8). Веі (lanes 5, 6) and KpnI (lanes 3, 4), and DNA from 
H24-FeSV-infected (HZ4-m) and from uninfected mink cells (M) was digested with KpnI (lanes 1, 2). Southern blots obtained after fractionation 
of these DNAs in a 1% agarose gel were hybridized with a ??P-v-kit probe (2.75-3.5-kb Sac/ Sal fragment). The blot was washed at 65 °С in 
0.3 x SSC. Migration of HindIII A DNA and HaelII ФХ174 DNA fragments is indicated in kb. 


Figure 2 shows the nucleotide sequence of the HZ4-FeSV 
gag-kit gene, determined using the dideoxy chain termination 
method of Sanger et а!22, An open reading frame extends from 
nucleotides —222 to 2,130 which includes 410 amino acids of 
FeLV gag origin, 370 amino acids of kit origin and 8 amino 
acids derived from the pol gene. To determine the 5' and 3' 
recombination sites between FeLV and kit, the gag-kit sequence 
was compared with the known FeLV gag sequence'’™, а seg- 
ment of FeLV pol and Moloney (M) MuLV ро! sequences 
(Fig. 2). The 3' recombination site in FeLV pol corresponds to 
M-MuLV pol sequences 1.18 kb 5' of the pol-env junction?!. 
` ST-, GA- and SM-FeSV as well as ST-FeLV encode gag leader 
sequences"? However, only with SM-FeSV is this sequence 
thought to be of importance in the biosynthesis of the transform- 
ing protein. The predicted amino-acid sequence of gag-kit 
includes the FeLV gag leader, a stretch. of 70 amino acids 
containing a hydrophobic signal peptide. The gag-kit protein 
is not glycosylated and probably does.not include the leader 
sequence (H. W.S., unpublished). Therefore, initiation of transla- 
tion may occur at the ATG at the beginning of the p15 gene at 
nucleotide 1. ' 

' The non-glycosylated gag gene products in FeLV are synthe- 
sized as a polyprotein of М, 65K with the structure NH;-p15- 
p12-p30-p10-COOH, which is post-translationally processed 


into the individual peptides**. The gag-derived segment of the 
HZ4-FeSV gag- kit protein consists of 340 amino acids, contain- 
ing the total sequences of p15 and p12 but only 144 residues of 
p30. Compared with the sequences of ST-, GA- and SM-FeSV, 
the HZ4-FeSV gag sequences are slightly polymorphic, an 
unsurprising finding in view of the fact that all known FeSVs 
originate from naturally occurring tumours in pet cats. f 

The v-kit segment consists of 1,111 nucleotides. The open 
reading frame extends beyond the kit segment into the pol gene, 
where a TGA termination codon is reached 18 nucleotides 3' of 
the recombination site. The calculated M, of 81.5K for the 
gag-kit polyprotein is in good agreement with the observed M, 
80K. ' 

Comparison of the predicted v-kit amino-acid sequences with 
the known tyrosine-specific protein kinases (Fig. 3A) reveals 
good amino-acid homology between the v-fms sequences!" and 
v-kit (58% overall homology), particularly between amino acids 
349-462 and 544-659. On the other hand, there is no obvious 
homology within amino acids 463-540. Homology also exists, 
although to a lesser extent, between v-kit and v-fes, v-abl, v-fgr, 
v-src, human epidermal growth factor receptor (HER) and 
human insulin receptor (HIR)!9!32523. Lysine 401 as well as 
the configuration GXGXXG at amino acid 374 are characteristic 
of the hucleotide-binding domain of tyrosine-specific protein 
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Fig. 5 Region of preferred 5" recombination sites іп the FeLV gag p30 gene. A, The gag sequence shown is that found in GA-FeSV and 
SM-FeSV corresponding to nucleotides 1,568-1,638 (refs 23 and 17, respectively). The AAAGAGG sequence is indicated as +~, and the 
sequence CCTCTTT as +. B, GAGG and CCTC consensus sequences at 5'-tecombination sites in acute transforming viruses. The retrovirus 
sequences at 5' recombination sites of the viruses indicated below are aligned. Homologies of retrovirus and c-onc sequences at the recombination 
site are set off by a space (for example, as in HZ2-FeSV). GAGG and CCTC consensus sequences are indicated as in A. The sequences at 
the 5’ recombination site of the following viruses are shown: HZA-FeSV (this paper), M-FeLV22, HZ2-FeSV (this paper), GA-FeSV'*, 
SM-FeS V^, HZ5-FeSV (this paper), GR-FeSV!5, Abelson murine leukaemia virus (A-MuLV 25 AMV?5, AEV-H* and reticuloendotheliosis 
virus T (REV-T). 


Кіпаѕе52°2°. Furthermore, Туг 601 is the homologue of the 
tyrosine phosphorylation site 416 of the Rous sarcoma virus 
v-src protein. Thus, v-kit has all the known structural features 
of a tyrosine-specific protein kinase. Attempts to identify a 
gag-kit-associated kinase activity have so far failed, and our 
structural analaysis of kit suggests that this question should be 
investigated more carefully. The segment containing amino acids 
468-542 does not have a counterpart in v-fes, v-abl, v-fgr, v-src, 
v-yes, HER or HIR, and this is consistent with the interpretation 
that the nucleotide-binding domain (amino acids 349-462) and 
the segment containing the phosphorylation site 601 (544-660) 
are separate functional domains. The corresponding middle 
domain of v-fms shows no significant amino-acid homology to 
v-kit, although the v-kit and v-fms middle domains are similarly 
hydrophilic in nature (Fig. 3 BY". It seems likely, then, that these 
domains are exposed at the exterior surface of the v-kit and 
v-fms proteins in the cytoplasm. As the middle domains of v-kit 
and v-fms are embedded between their catalytic domains, they 
may mediate substrate recognition and thus provide specificity 
for c-kit- and c-fms-mediated signal transduction. 


Identification of c-kit in cellular DNA 


Cellular DNA sequences homologous with the v-kit sequences 
of HZ4-FeSV were investigated by blot hybridization (Fig. 4A). 
In normal cat DNA, the v-kit probe (Sac/ Sal, 0.7 kb) detected 
EcoRI and HindIII restriction fragments of 7.7, 4.3, 2.4, 1.2 kb 
and of 6.5, 4.0, 2.0 kb (weak signal, respectively). Human and 
mouse DNA shows a pattern of hybridization similar to that of 
cat DNA, the hybridization signal with human DNA being of 
almost equal intensity to the cat DNA restriction fragments. In 
contrast, hybridization to mouse DNA is somewhat weaker. 
These results suggest that there are cellular sequences in normal 
cat DNA which are homologous to v-kit and that these c-kit 
sequences are conserved in mammalian genomes. Hybridization 
of the kit probe detected restriction fragments corresponding 
to 12-15 kb of DNA, suggesting that c-kit is a large gene or 
perhaps that the c-kit sequences are derived from multiple loci. 


Origin and oncogenic potential of HZ4-FeSV 


To investigate the origin of HZ4-FeSV and its role in the genera- 
tion of the fibrosarcoma in cat 3637, we used blot hybridization 
to determine whether the HZ4-FeSV provirus was contained in 
the tumour DNA (Fig. 4B). In both tumour and normal DNAs, 
the v-kit probe detected restriction fragments derived from c-kit 
and, using KpnI and BglII, tumour-specific fragments of 2.3 
and 1.3 kb, respectively, were seen. These fragments are virus 
internal fragments known from the molecularly cloned HZ4- 
FeSV provirus (Fig. 1). No tumour-specific restriction fragments 
were seen with enzymes known to generate fragments involving 
flanking cellular DNA sequences (EcoRI, SacI, a second BglII 
fragment of large size would also be expected). The DNA from 
the tumour of cat 3637 therefore contains the HZ4-FeSV pro- 
virus. This not only demonstrates the origin of the virus, but is 
also consistent with the notion that HZ4-FeSV was involved in 
the generation of this tumour, although attempts to induce 
tumours by injection of kittens with HZ4-FeSV (FeLV) 
pseudotype virus have so far been unsuccessful. Our results also 
indicate that the tumour is polyclonal, presumably due to virus 
spread. If tumorigenesis in cat 3637 involved multiple stages, 
with HZ4-FeSV as an initiator, this did not result in visible 
clonal outgrowth, as has been seen in other systems" ` 

However, the virus could have been involved in a late stage of 
tumorigenesis. 


Preferred recombination site in FeLV gag 


The 5' junction between the FeLV and Kit sequences in HZ4- 
FeSV occurs at nucleotide 1,020 of ће FeLV gag gene”. 
Comparison of this junction with those in GA-FeSV, HZ2-FeSV 
and the M-FeLV myc virus'*? revealed that the 5’ recombination 
sites of these four viruses are clustered within a region of 24 bp 
in the FeLV gag gene (Fig. 5A). This 24-bp region in FeLV p30 
therefore defines a preferred region for recombination which is 
involved in the generation of acute transforming feline retro- 
viruses. 
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Fig.6 Schematic comparison of the gag-kit and gag-fms trans- 
forming proteins. Glycosylation sites in the extracellular domain 
of v-fms are indicated by Y. 


It seemed possible that the sequences in the FeLV p30 region 
facilitate the generation of the 5' gag-onc junctions and we 
therefore inspected the nucleic acid sequence around the 
recombination sites in FeLV p30 to identify sequence motifs 
characteristic of this region. A heptanucleotide AAAGAGG 
occurs twice, at nucleotides 1,026 and 1,064, and the complement 
of this sequence (CCTC(T)TT) occurs once, at nucleotide 1,042, 
indicating sequence symmetry and potential for secondary struc- 
ture formation (Fig. 5А). The GAGG and CCTC consensus 
sequences are found at the 5' junctions of at least 16 of the 28 
characterized virus strains, suggesting some link between this 
sequence and the recombination event (Fig. 5B). Of these 
viruses, AEV-H and avian myeloblastosis virus (AMV) have 
junctions that are 2 nucleotides apart and HZ5-FeSV, a new 
fms-containing virus, and SM-FeSV have identical junctions 
(P.B. and P.C.G., unpublished) (Fig. 5B). In plasmacytomas 
involving c-myc chromosomal translocations, the GAGG 
sequence motif has been found adjacent to the translocation 
breakpoints??. Thus, events leading to the generation of 
oncogene-containing retroviruses and chromosomal transloca- 
tions may involve common recombination mechanisms. 

With many acute transforming viruses, the recombinations at 
the 5' retrovirus-v-onc junctions must result in functional gene 
fusions, and constraints for expression and function of the 
transforming proteins may dictate the formation of these junc- 
tions. On the other hand, recombination sites in рар-опс fusions 
are known to occur in various regions of the gag gene, and in 
vitro alteration of the placement of onc sequences within retro- 
viruses can be achieved without loss of function 35, In addition, 
the recombinations in HZ4-, HZ2- and GA-FeSVs and in M- 
FeLV involve four different oncogenes. Our observations there- 
fore suggest that the formation of 5' gag- onc junctions, which 
is an early step in the generation of acute transforming 
viruses ??7, may be facilitated by at least two factors, recom- 
binogenic sequences and short sequence homologies between 
the parental strands at the recombination site described pre- 
viously”. 


Discussion 


The present studies demonstrate that HZA-FeSV is an acute 
transforming feline retrovirus which, in analogy with other acute 
transforming viruses, was generated by transduction of feline 
c-onc sequences (which we have designated kit). HZ4-FeSV has 
the structure 5’ Agag-kit-Apol-Aenv 3', and the only gene product 
we have identified in HZ4-FeSV-infected cells is an 80K protein 
that contains determinants of FeLV gag p15, p12 and p30 as 
well as kit sequences. The v-kit amino-acid sequences revealed 
homology with the tyrosine kinase gene family, its closest relative 
being v-fms. 

The kit gene resembles v-fms not only in significant amino- 
acid homology, but also in the very distinct domain structure 
of the protein. v-fms has recently been found to have the features 
of a transmembrane receptor, that is, it consists of an outer 
cellular domain, a transmembrane domain and an inner cellular 
domain containing a tyrosine-specific protein kinase; in fact, it 
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is homologous with the CSF-1 receptor”. The v-fms sequence 
is 2.9 kb long, while v-Kit is 1.1 kb. The v-Kkit segment corre- 
sponds to v-fins sequences of the inner cellular domain, and 
does not contain a transmembrane domain or sequences of an 
outer cellular domain. Retroviral oncogenes are thought to rep- 
resent segments of c-onc mRNAs, and it is likely that v-kit is 
only a part of the c-kit mRNA; significant portions of c-kit 
coding sequences are probably missing in v-kit on both the 5’ 
and 3’ sides, although the nature of these sequences is not known. 
Because of the close relationship between v-kit and v-fms, it is 
reasonable to assume that c-kit and c-fms are closely related 
genes. Like c-fms, then, c-kit could encode a transmembrane 
receptor that is involved in signal transduction. 

Most protein kinase oncogenes need to be associated with 
cellular membranes for function 42 and two different kinds of 
association are known, association via myristic acid? and 
anchorage in membranes by means of a transmembrane 
domain’. The 65K gag polyprotein of mammalian retroviruses 
and the gag- onc fusion proteins of mammalian acute transform- 
ing viruses are myristylated at their N-terminus and are thus 
associated with cellular membranes“. As v-kit does not have a 
transmembrane domain like v-fris, we predict that, in analogy 
with other gag-onc transforming proteins, the gag—Ait protein 
is associated with cellular membranes via gag-linked myristyl- 
ation. 

Many different oncogenes have been identified in acute trans- 
forming viruses isolated from fibrosarcomas of animals infected 
by retroviruses. Interestingly, the oncogenes src, yes and ros 
known from avian retroviruses have not been found in mam- 
malian retroviruses. kit, fms and fer, on the other hand, have 
been found only in viruses isolated from feline fibrosarcomas. 
This inherent specificity of transduction of c-oncs by FeLV may 
be due to recombinogenic sequences in the retrovirus and the 
c-oncs, as well as functional constraints for the expression of 
the transforming proteins. It has been proposed that integration 
of a retrovirus into the cellular DNA may be restricted to 
transcriptionally active regions of the chromosome*™**. Thus, 
the tissue tropism of a particular virus strain would determine 
the c-oncs that can be transduced. Different tissue tropisms of 
FeLV and avian leukosis virus could therefore also explain the 
different transduction specificities. 
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Active galactic nuclei (AGN) have been observed to vary in all 
wavebands on timescales ranging from years to minutes’. The 
timescale of variability can yield information about the efficiency 
of the emission mechanism? and the details of the accretion pro- 
cess". Most of the luminosity of Seyfert galaxies and quasars 
probably occurs in the hard X-ray region, with a cutoff near 1 MeV 
(ref. 6). (Although there have been reports of high luminosity 
‘ultraviolet bumps’, optical observations of a large sample of 
objects have shown these to be rare^?.) We show here that there 
is a significant correlation between the X-ray luminosity and 
timescale of X-ray variability for Seyfert galaxies and quasars. 
We interpret this as evidence that the emitting plasma is near the 
limit of being dominated by electron—positron pairs. BL Lac objects 
do not follow this pattern; this may be due either to relativistic 
beaming or to the differing importance of the pair production 
process. 

We have compiled from the literature a sample of Seyfert 
galaxies and quasars for which the X-ray variability is reliably 
established, is the fastest variability reported for that particular 
object, and is time-resolved. Table 1 lists, for each object, name, 
intensity doubling timescale, 2-10 keV luminosity and object 
class. Since the temporal behaviour is adequately sampled, the 
errors in the doubling time are small. Only those sources seen 
to vary by more than 1096 were included. In addition, a number 
of BL Lacs are included. Because variability in the X-ray 
emission of BL Lac objects has been less widely reported than 
in Seyferts, we have dropped the requirement that the BL Lac 
variations be time-resolved in order to obtain an adequate 
sample. Figure 1 is a log-log plot of the mean 2-10 keV rest- 
frame luminosity (assuming Hubble constant Ну = 50km s^! 
Mpc ! and deceleration parameter 4-0), Ly, against the time 
for the source intensity to double, At. For Mkn205, OX169 and 
МСС5-23-16, the amplitude of variation is less than a factor of 
two and At is extrapolated linearly from the observed variability; 


[— -— ———1 


ur j 


E] 


log At (5) 
-г- 
е 
. 
x 
x 


e» 
е 





log Ly (erg s) 


Fig. 1 Plot of log At against log L, for Seyfert galaxies and QSOs 
(circles) and BL Lac objects (crosses). A typical error bar is shown 
in the upper left-hand corner. 


the other objects exhibited variability by factors between two 
and six. A typical error bar is shown in Fig. 1. For OX169 and 
Mkn205, L, is extrapolated from the soft X-ray band assuming 
a power-law spectrum with energy index 0.7 (ref. 9) and purely 
galactic absorption"; the other data are all direct measurements. 
The BL Lac luminosities are for the 0.5-3.5 keV band, except. 
for Mkn421 (2-17keV) and 0323-023 (1-20keV). The 
1E1402.3 + 0416 point represents the lower limit to its luminosity. 

For Seyferts and quasars, we find a highly significant corre- 
lation between log L, and log At, of the form log L, = а Іор M * b 
erg s™', with a—0.9:0.2, b=39+1 and linear correlation 
coefficient г, = 0.7. The probability of achieving this by chance 
from a random sample is P < 10 ? (exclusion of a single point, 
the Ariel V observation of 3C373, reduces P to 10 5"). This 
trend is unlikely to be an observational selection effect; a linear 
regression of the logarithm of the 2-10 keV intensity against 
log At yields r,=0.32, while for signal-to-noise ratio versus 
log At, г, = 0.2. On the other hand, the BL Lac objects obey no 
such relationship. A linear regression yields correlation 
coefficient r, = 0.21. 

We consider first the Seyferts and quasars. Assuming that 
their hard X-ray spectrum extends to 1 MeV (ref. 6) with energy 
spectral index 0.7 (ref. 9), a bolometric correction of 1.0 to log L, 
is indicated. Within the errors the correlation between L, and 
At is linear. The hard X-ray luminosity for this sample, L, may 
thus be written log Г = Іов At +40 erg s^. 

How valid is this treatment? The most homogeneous sampling 
performed so far has been that by Tennant and Mushotzky'!, 
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Table 1 Doubling time and luminosity of selected Seyfert galaxies, 
quasars and BL Lac objects 











Source log At log L, Ref. Object class 
NGC6814 2.00 42.15 11 Seyfert 
NGC3031 2.70 40.48 18 Seyfert 

. NGC4051 3.0 41.48 15 Seyfert 
NGC3227 4.33 42.08 11  Seyfert 
OX169 4.36 44.30 12 050 
NGC4151 4.60 43.00 17 Seyfert 
3C273 4.65 46.10 13 050 
NGC7582 ` 4.81 42.78 30 Seyfert 
NGC7469 4.90 43.73 13 Seyfert 
NGC2110 4.94 43.20 30 Seyfert 
NGC5128 4.94 42.17 31 Radio galaxy 
MGC5-23-16 5.03 43.48 11  Seyfert 
NGC2992 5.11 43.26 13 Seyfert 
NGC5506 5.34 42.83 30 Seyfert 
NGC526a 5.24 43.87 13  Seyfert 
Mkn205 5.35 44.54 12 050 
3C382 5.41 44.71 Ы BLRG 
400241 + 62 5.41 44.13 13 050 
Mkn841 5.84 43.92 32  QSO 
1H1820 + 643 6.11 45.87 33  QSO 
PKS0548-32 6.00 44.81 34  BLLac 
3C371 5.78 44.03 35  BLLac 
PKS2155-304 4.90 45.87 36  BLLac 
01287 6.78 45.93 37  BLLac 
3C66A 5.88 46.26 38 BLLac 
1E1402.3 +0416 4.03 46.63 28 BL Lac 
Mkn421 4.33 44.72 13 BL Lac 
0323 +023 2.00 45.81 29 ВІ Lac 


nn —————á——À 


At, Time for source intensity to double; L,, mean 2-10 keV rest-frame 
luminosity. 
* P.B. et al, unpublished data. 


using HEAO-1 A2 observations of 38 AGN ranging over four 
decades in intrinsic luminosity. All of their sources for which 
variability was detected exhibited timescales consistent with our 
observed correlation. Furthermore, the doubling timescale in 
individual objects is repeatable at different epochs. The low- 
amplitude variations of 3C273 found by Einstein Observatory 
observations? imply a doubling timescale similar to that seen 
in a large-amplitude flare by Ariel V5; Einstein!* and Exosat" 
observations of NGC4051 suggest similar At, as do the Ariel 
V!6 and HEAO-1 observations of NGC4151. There are some 
objects which have not been observed to vary, but AGN are 
known to experience quiescent epochs between episodes of 
variability!^!5; The duty cycle of variability is very poorly deter- 
mined and it is entirely possible that more extensive observations 
of the 'steady' AGNs may reveal variability. 

We know of only one observation of a quasar which diverges 
strongly from our suggested doubling time-luminosity relation- 
ship. This is the remarkable behaviour? of 1525+227, which 
doubled its intensity (initially 3x 10** erg 87!) іп 200s (a 4c 
result). If real, this would necessitate relativistic beaming to 
avoid efficiencies of 10096. (Although Bassani et al? have 
attempted a similar treatment, their sample is highly 
heterogeneous in that the variability timescales used were often 
taken from infrared, optical or ultraviolet flux measurements 
and even from optical polarization variations. It is by no means 
evident that these timescales are relevant to the hard X-ray band 
in which most of the luminosity arises; indeed, in Seyfert galaxies 

there is strong evidence that the emission in different wavebands 
may arise in quite distinct components”.) 

In the absence of relativistic bulk motions, the characteristic 
time for the intensity to double must be constrained by the 
characteristic source size R. We naively assume R < c At; then 
log L/ R 2 29.6 erg cm ^ 87!. Defining the dimensionless com- 
pactness parameter” A = Гот/ Rm,c? (where от is the Thomson 
cross-section) we have, for the Seyferts and quasars, A 2 10. In 
this regime electron-positron pair production by two-photon 
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annihilation is important. For А> 4z the plasma would be 
dominated by the pairs”; the compactness parameter cannot 
be much larger than this because at A > 30 the pairs strongly | 
modify the emergent X-ray spectrum, producing a much steeper 
soft X-ray continuum than that observed”. It is therefore likely 
that the emitting plasma in this sample of AGN are marginally 
dominated by electron-positron pairs. 

Araki and Lightman?^ have shown that a thermal plasma can 
be relativistic (КТ, > 3m,c^) only if A «0.15(kT,/ т,с2) 0*9, 
where o is the spectral index of the emergent X-rays. Since 
а = 0.7, a relativistic thermal plasma would have A < 0.01, incon- 
sistent with the observations. Therefore, if the plasma is thermal, 
its temperature is not highly relativistic. If the pairs are nonther- 
mal, Zdziarski and Lightman? have shown that, for this likely 
compactness parameter, inverse Compton scattering of soft 
photons will produce the hard (о = 0.7) X-ray power-law spec- 
trum observed. 

The Thomson optical depth due to pairs 152% r~(f,A)'””, 
where f, is the fraction of primary luminosity radiated above 
2 m,c?. For A = 10 and a primary photon spectrum with an upper 
cutoff near 1 Mev, т = 1. The efficiency of conversion of matter 
to energy*, т, is 25x10 ? L/At; that is, 20.5%, where the 
inequality disappears at т = 1. 

Since L/R < Lgaa/ R,, where Lg, is the Eddington limit and 
R, the Schwarzschild radius, a further constraint is L> 1073 Lega 
(for the classical Eddington limit). However, if the plasma is 
pair-dominated, Lega is reduced by m,/m, = 1836, the plasma 
is very near the Eddington limit and pair effects may dominate 
the hard photon flux for these objects”. 

If the X-ray emission arises at the surface of an optically thick 
photosphere, the emissivity e = L/ 47R?, so that Fig. 1 may be 
considered to be a plot of luminosity against emissivity, like the 
Hertzsprung-Russell diagram. For accretion onto a central 
object of mass M with R/R, fixed for the entire sample, Fig. 1 
implies that eœ 1/M and the luminosity per unit mass is con- 
stant. 

Finally, we note that there is one class of AGN which con- 
sistently violate the Seyfert/QSO  L-versus-At relationship; 
these are the BL Lac objects. For such objects, L/At can be far 
lower than that implied by the optically thick pair-production 
limit. White et al” have suggested that BL Lacs are in fact 
AGN with such high luminosities that the emitting plasma is 
severely pair-dominated, with A > 30, such that any y-rays and 
high energy X-rays are reprocessed to lower energies by two- 
photon annihilation (and by Compton scattering off the pairs), 
causing the steep soft X-ray spectra observed. 

Conversely, if the observed spectrum of BL Lac objects rep- 
resents their primary photon spectrum, then, when extrapolated 
to above 511 keV, it may not yield enough y-rays to generate 
pairs; although there are no measurements of the X-ray spectra 
of BL Lacs above ~20keV, the observed 2-10 keV spectra 
appear generally quite soft". In addition, the large optical 
depths implied by the severely pair-dominated case may be 
difficult to reconcile with the observed rapid variability. Another 
possibility is that geometric effects (relativistic bulk motions and 
anisotropic emission) may obviate the necessity for large values 
of A (and associated copious pair production), and in fact are 
necessary to explain the rapid variability of (and implied high 
efficiencies in) 1E1402.3 + 0416 (ref. 28) and 0323 + 023 (ref. 29). 
Interestingly, exclusion of the three radio-loud sources in the 
Seyfert/QSO sample leads to a considerable improvement in 
the goodness of the fit (from 99.90% to 99.99% significance). 
It is tempting to speculate that relativistic beaming and/or 
anisotropic emission mechanisms are also relevant to the X-ray 
emission from radio-loud quasars, although the evidence so far 
is, at best, highly circumstantial. 

P.B. is affiliated to the Astrophysics Division, Space Science 
Department, European Space Agency. R.F.M. thanks the 
Institute of Astronomy, Cambridge, for hospitality extended 
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Note added in proof: Recent EXOSAT observations of the 
Seyfert galaxies NGC3516 (G. Reichert, personal communica- 
tion), Mkn766 and NGC4593 (Р.В. et al., unpublished data) 
have revealed X-ray variability fully consistent with the sug- 
gested doubling time-luminosity relationship. 


Received 26 November 1985; accepted 5 February 1986. 


1. Mchardy, I. Space Sci. Rev, 40, 559-584 (1985). 
2. Barr, P. et al Mon. Not. R. astr. Soc. 193, 549-562 (1980). 
3. Glass, I. S. Mon. Not. R. astr. Soc. 197, 1067-1080 (1981). 
4. Fabian, A. C. & Rees, M. in X-ray Astronomy: Proc, Symp. 21st Plenary Meeting of Cospar 
(eds Baity, W. A. & Peterson, L. E.) 381-396 (Pergamon, Oxford, 1979). 
5. Abromowicz, M. & Nobili, L. Nature 309, 506-507 (1982). 
6. Bassani, L. & Dean, A. Asir. Astrophys. 122, 83-87 (1983). 
7. Malkan, M. &'Sargent, W. L. Astrophys. J. 254, 22-37 (1982). 
8. Richstone, D. O. & Schmidt, M. Astrophys. J. 235, 361-376 (1980). 
9. Rothschild, R. E. et al. Astrophys. J. 269, 423-437 (1983). 
10. Heiles, C. Astr. Astrophys. Suppl. 20, 37-56 (1975). 
11. Tennant, А. F. & Mushotzky, R. F. Astrophys. J, 264, 92-104 (1983). 
12. Zamorani, G., Giommi, P., Maccacaro, T. & Tannanbaum, H. Astrophys. J. 278, 28-36 (1984). 
13. Marshall, N., Warwick, R. & Pounds, K. Mon. Not. R. astr. Soc. 194, 987-1002 (1981). 
14. Marshall, F. E., Holt, S. S., Mushotzky, R. F. & Becker, R. H. Astrophys. J. 269, L31-L37 
(1983). 
15. Lawrence, A., Watson, M. с, Pounds, K. A. & Elvis, М. Mon. Not. В. astr. Soc. 217, 
685-699 (1985), 
16. Lawrence, A. Mon. Not. R. astr. Soc. 192, 83-94 (1980). 
17. Mushotzky, R. F., Holt, S. S. & Serlemitsos, P. Astrophys. J. 225, L115-L118 (1978). 
18. Barr, P., Giommi, P., Wamsteker, W., Gilmozzi, R. & Mushotzky, R. F. Bull. Am. astr. Soc. 
17, 608 (1985). 
19. Matilisky, T., Schrader, C. & Tannanbaum, H. Astrophys. J. 258, L1-L8 (1983). 
20. Bassani, L., Dean, A. J. 6 Sembay, 5. Asir. Astrophys. 125, 52-58 (1983). 
21. Tanzi, E. et al, ESA scient. Publ 218, 111-117 (1984). 
22. Svensson, R. in X-Ray and UV Emission from Active Galactic Nuclei (eds Brinkman, W. 
& Trumper, J.) 152-163 (MPE Rep. 184, Munich, 1984). 
23. White, М. E., Fabian, А. C. & Mushotzky, R. Astr. Astrophys. 133, L9-L11 (1983). 
24. Araki, A. & Lightman, A. P. Astrophys. J. 269, 49-58 (1983). 
25. Zdziarski, A. A. & Lightman, А. P. Astrophys. J. 294, 179-185 (1985). 
26. Guilbert, P., Fabian, A. & Rees, M. Mon. Not R. astr. Soc. 205, 593-604 (1983). 
27. Urry, M. & Mushotzky, R. F. Astrophys. J. 253, 38-48 (1982). 
28. Giommi, P. et al. Astrophys. J. 303 (in the press). 
29. Doxsey, R. et al Astrophys. J. 264, LA3-L48 (1983). 
30. Mushotzky, R. F. Astrophys. J. 256, 92-102 (1983). 
3]. Lawrence, А., Pye, J. P. & Elvis, М. Not. R. astr. Soc. 181, 93P-99P (1977). 
32. Arnaud, K. et al. Mon. Not. R. astr. Soc. 217, 105-113 (1985). 
33. Snyder, W. A. & Wood, K. in X-Ray and UV Emission from Active Galactic Nuclei (eds 
Brinkman, W. & Trumper, J.) 38-47 (MPE Rep. 184, Munich, 1984). 
34. Urry, C. M., Mushotzky, R. F., Kondo, Y., Hackney, K. & Hackney, L. Astrophys. J. 261, 
12-18 (1982). 
35. Snyder, W. A. et al. Astrophys. J. 259, 38-47 (1982). 
36. Snyder, W. A. et al. Astrophys. J. 237, 111-114 (1980). 
37. Worrall, D. et al. Astrophys, J. 261, 403-411 (1982). 
38. Maccacgni, D., Maraschi, L., Tanzi, E. G., Tarenghi, M. & Chiappetti, L. Astrophys. J. 273, 
75-80 (1983). 


A 


Detection of the very 
hot central star in NGC2440 
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It has been argued! that the extremely faint central stars of some 
planetary nebulae must be very hot, with most of their energy 
output in the ultraviolet. We now report the detection of the central 
star of the planetary nebula NGC2440 in a narrow-band continuum 
image using a CCD (charge-coupled device) camera at the prime 
focus of the Anglo-Australian telescope. Its visual magnitude has 
been measured as 18.9 € 0.2. Its Zanstra temperature”? is about 
350,000 K, so that it is one of the hottest stars ever observed. Its 
radius corresponds to that of a nearly degenerate star. Theoretical 
calculations can explain the observed temperature and luminosity 
if it has a mass of at least 1.0 Mg and is in its cooling stage, but 
the predicted age of the nebula is considerably less than that 
required by the calculations. Furthermore, the present estimates 
of the progenitor mass of a 1- M white dwarf are brought into 
question. i 


t Present address: Queensgate Instruments Ltd, 112 Windmill Road, Sunbury-on-Thames, TW16 
7HB, UK. 
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For such a star, all the energy in the Lyman continuum (at 
wavelengths <912 A) will go into ionizing the surrounding 
nebular gas, with the energy reappearing at longer wavelengths 
as recombination and collisionally excited lines. It is possible 
to estimate the number of ionizing photons emitted by the star 
because each Lyman photon will (eventually) result in one 
Balmer photon. The temperature of the central star (the Zanstra 
temperature) is computed from the ratio of the number of HB 
photons to the visual continuum emission, assuming either 
black-body radiation or a model atmosphere. While the total 
Balmer-line flux from the nebula is easy to measure, the visual 
magnitude of a hot central star is not. When the central star is 
not visible on photographs, it is possible to use large-aperture 
photometry to measure the line and continuum strengths of the 
nebula and, by applying a theoretical correction to the strength 
of the nebular continuum, to estimate the contribution to the 
visual continuum from the star*?. Such a technique is difficult 
to apply to stars fainter than about m, — 14 because of the noise 
from the background night sky and the nebula. A more sensitive 
search technique?" is to image the nebula using narrow-band 
filtérs to exclude all of the nebular emission lines, thus ensuring 
maximum contrast between the star (which is mainly a con- 
tinuum source) and the nebula (the spectrum of which is domi- 
nated by emission lines). 

NGC2440 is a fairly bright nebula lying close to the galactic 
plane. Shaw and Kaler? have derived a lower-limit magnitude 
of m, — 14.3 for the central star using the technique of large- 
aperture photometry. Curtis? failed to find the central star on 
photographs in a survey which went down to m, = 19.5, and 
Pottasch' used this lower limit to estimate the central star tem- 
perature as 5x 10° K. Kohoutek and Martin’ have disputed this 
estimate and claimed the star temperature to be only 10^ К. 
Reay et al.’ have given a lower limit of my = 16 (T = 180,000 K). 

In order to resolve this controversy we have made new 
observations with a CCD camera at the prime focus of the 
Anglo-Australian telescope, using a 10-A-wide filter centred at 
4,788 A. This wavelength was chosen to exclude any known 
nebular emission lines, and thus to maximize the contrast of 
the star against the background. 

The images we obtained are shown as contour maps in Fig. 1. 
Figure 1a shows the central star clearly between the two inner 
condensations. The seeing for this exposure, determined from 
the profiles of field stars, was less than 1.0 arcs FWHM. Figure 
1b shows an observation taken using the same detector-filter 
combination one day earlier, when the seeing was 2.0 arc s. The 
absence of the star is explained entirely by the poorer seeing, 
as indicated by Fig. 1c, which shows Fig. 1a smoothed to the 
same spatial resolution as Fig. 1b. The central star is simply 
drowned by the nebular continuum emission when the seeing 
is poor. 

The magnitude of the central star was determined by inter- 
polating and subtracting the nebular continuum from Fig. la 
and integrating under the stellar profile to determine the total 
flux. Comparison of this with similar quantities determined for 
two nearby field stars, the magnitudes and spectral types of 
which have been determined by Gathier'?, enabled the visual 
magnitude of the central star to be determined by making the 
assumption that it is sufficiently hot to have a Rayleigh-Jeans 
black-body-like spectrum in the visible and beyond, and assum- 
ing thé comparison stars have black-body spectra. An indepen- 
dent determination of the magnitude was made by comparison 
with a standard star (101-281) of known magnitude and spectral 
type''. Again it was necessary to assume that both the central 
star and standard star have black-body-like spectra in the mid- 
visible. From these independent calibrations we obtain an 
average value of 18.9 x 0.2 for the magnitude of the central star. 

The hydrogen Zanstra temperature T,(H) is determined as 
follows. Using the calibration of Wamsteker"’, that 0 magnitude 
in the visual corresponds to 3.4x 10? ergcm "^s ! A~, the 
magnitude (18.9) of the star is equivalent to a continuum flux 
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Fig. 1 Narrow-band CCD images of NGC2440 obtained through 
a continuum filter centred at A —4,788 A. In a, the seeing was 
1 arc s, and the central star is clearly visible between the inner pair 
of condensations. b, CCD image recorded on previous night when 
the Seeing was 2 arcs. The star is no longer visible. c, Image а 
smoothed to a spatial resolution of 2 arcs. The central star is no 
longer visible, illustrating the critical importance of seeing con- 
ditions to detectability. 


! of 1.0x107'S еге сіп 287! А!. The Hf flux emitted by the 
nebula is 3.6 x 107"! erg cm! 57! (ref. 4); the ratio of continuum 
to Hf flux is thus 2.8 x 1075 A~ after correction for a reddening 
of Eg ,—0.30 (ref. 10). This ratio corresponds to ТН) = 
4.0x 10° К. 

The ionized helium Zanstra temperature is computed from 
the above and the ratio He 11(4,686 A)/HB of 0.6 (ref. 13). The 
ratio of continuum to 4,686-À flux, 4.6 x 10 5 À ^, corresponds 
to a Т, (He 11) of 3.1x105 K. Errors in Tz(H) and Tz (He 11), 
due mainly to the error of +0.2 in the stellar magnitude, amount 
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to +25,000K and +20,000K respectively. The difference 
between Т.(Н) and Tz(He II) is probably due to Tz(H) being 
overestimated because recombination from Не?" yields more 
than one photon capable of ionizing hydrogen. On the other 
hand, Tz(He 11) is an underestimate for the effective tem- 
perature, Т.а, since some of the photons capable of ionizing 
He* are actually absorbed by H. These effects become more 
pronounced at higher temperatures'*. A good estimate of the 
effective temperature is 350,000 25,000 K. Notably, in ref. 1 
the same effect is reported in NGC7027. These consistent results 
confirm the assumption that the nebula is optically thick for 
photons ionizing both hydrogen and helium. 

' The Zanstra temperature may be compared with that deter- 
mined from the energy balance method. Preite-Martinez and 
Pottasch’® find T = 186,000 K for the central star of NGC2440, 
but the temperature determination is quite sensitive to the не” 
abundance. If an abundance ratio Ny.2+/Ny=0.053 is used, 
which follows from the measurement of Shields et al., the 
temperature becomes T — 230,000 K. This is slightly lower than 
the Zanstra temperature. If accountis taken ofthe energy emitted 
by the nebula in the far-infrared and in ultraviolet transitions 
not seen by the IUE satellite, then the agreement of the two 
methods is excellent. 

The angular radius can now be computed from the visual flux 
given above. A correction for extinction must be made: we have 
used Eg, = 0.30 (ref. 10). The angular radius is then R/d — 
9.8x 1074, where R is the stellar radius and d is the distance 
to the nebula. The value of d is rather well known'?^; we used 
d—23kpc. Thus Е-6.8х10%сп-0.99х107 Ко and the 
luminosity is about 2,600 Lo. ; 

Only one set of evolutionary calculations has been published 
for stars more massive than 0.7 Mo: those of Paczynskiló for 
0.8 Mo and 1.2 Mo. More recent calculations of the evolution 
of stars near 0.6 Mo (ref. 17) confirm the general trends of the 
earlier models. As shell nuclear burning proceeds in a star, its 
temperature increases to a maximum when the shell sources 
have used up essentially all the available hydrogen and helium, 
and then begins to decrease. The maximum temperature depends 
critically on the nebular mass. If the models of Paczynski’® are 
correct, it can reach the value observed for NGC2440 only when 
its mass is 21.0 Mo. The high nitrogen and helium abundances 
observed in NGC2440 (ref. 3) support our contention that the 
central star has a mass 21.0 Me. Fora 1.0- Мо model, the time 
remaining until nuclear burning stops is about 300 yr. But the 
nebula must be considerably older. The age of the nebula can 
be determined from its diameter and expansion velocity (0.32 pe; 
23 km s^!) to be ~7,000 yr. But with the present Iuminosity the 
cooling time is only —1,000 yr. This discrepancy between the 
observed and expected age is significant and probably indicates 
that the theory is incomplete. f І 

Another problem which arises is the following: It is clear that 
the progenitor of a white dwarf of 1 Mo must be quite massive. 
A recent discussion!®, based on a study of white dwarfs in open 
clusters, places this progenitor mass at 7 Mo. But the nebular 
mass in NGC2440 is only 0.4 Мо (ref. 3). Thus 5 Мә must һауе 
been ejected in the course of the evolution of the star, but does 
not appear to be present in the neighbourhood of the star. While 
the material could have been ejected at a very early stage in the 
evolution, this appears unlikely because the most active phase 
of mass loss appears to be the red giant stage and its transition 
to a planetary nebula. Thus either the material is in some form 
which is currently undetectable (molecular hydrogen?) or pres- 
ent estimates of the progenitor mass are much too high. 
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Fossil tracks of length ~20 um created by the spontaneous fission 
of ?*U impurities were discovered in 1962! and form the basis of 
the well-known fission-track dating technique, which is broadly 
applicable to minerals and natural glasses”. Fossil tracks formed 
by recoil daughter nuclei released in the œ decay of nuclei in the 
Th and U decay chains were discovered in 1967°, but because of 
their very short ranges («0.02 рп) have been seen only on cleavage 
planes of mica crystals. (Artificially produced a-recoil tracks have 
also been seen in albite?.) During a search for tracks of slow, 
supermassive magnetic monopoles in large muscovite mica crys- 
tals^$, we have discovered a third type of natural track caused by 
nuclear interactions of œ particles from radioactive impurities 
with nuclei in mica. These *a-interaction tracks’, with length 
intermediate between fission tracks and a-recoil tracks, provide 
a measure of mild thermal events and are valuable in simulating 
the appearance and stability of tracks of hypothetical monopole— 
nucleus bound pairs. 

Price et al.’ showed that a supermassive monopole with speed 
0 = 0.001с such as is predicted by grand unified theories would 
produce a detectable radiation-damage track in mica provided 
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Fig. 1 Distribution of lengths of naturally occurring tracks inter- 
secting an internal cleavage plane in muscovite mica. To measure 
the track lengths, L, we used an etch time of 4h in 48% HF at 
20°C instead of the 40-h etch used in our monopole search. The 
track length distribution consists of three distinct peaks, each of 
which is labelled with the source of the track-forming particles 
and the number of events observed. CN, compound nucleus. 
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it first attached to itself a nucleus with a large magnetic moment 
such as 27А1 while passing through the Earth's crust. In an 
analysis of measurements? of the response of mica to acceler- 
ated ions of АІ and other species, Price et al.” showed that at 
low velocities where nuclear stopping dominates over electronic 
stopping, the rate of etching, от, along the trajectory of an ion 
in muscovite mica depends on the nuclear stopping power S, as: 


vy = (0.012 um h !) x (S,/1 GeV cm? р!) (1) 


for mica etched in 40% HF at 25°C. To calculate Sa. for a 
monopole-nucleus bound pair, one simply replaces the mass of 
the nucleus by the effectively infinite (—10!5 AMU) mass of the 
pair in the semi-empirical expression for S, (ref. 10). 

In our monopole search??, we etched for t— 48 h, a much 
longer time than that used to reveal fission tracks, which ensured 
that an etch pit of --0.25-1.6-шп depth would be seen on each 
cleavage surface if the monopole were bound to a ’Al nucleus 
and travelling with speed 0.0002-0.0016c at vertical incidence. 
Our procedure was to cleave and etch several successive mica 
sheets, each ~100 pm thick (several times greater than the range 
of a fission fragment), re-align the layers for viewing in transmit- 
ted light, and scan for shallow etch pits that recurred on all 
cleavage surfaces in a linear array indicating the trajectory of 
a deeply penetrating particle. As shown in Fig. 1, we found three 
populations of etch pit pairs, distinctly different in length, which 
matched on two adjacent cleavage surfaces: (1) As found pre- 
viously?!'7, fission fragment etch pit pairs have a mean com- 
bined length (L) —20 jum in young, unannealed micas, and a 
mean length in old micas that is less than 20 ша by an amount 
which depends on the degree of thermal annealing; (2) shallow 
etch pits with depths «0.02 шт as measured with a Tolansky 
multiple-beam interference device are easily visible in phase 
contrast and can be discriminated against in a monopole search 
by using bright-field illumination; (3) etch pairs with combined 
lengths of ~0.25-1.5 рт measured with the Tolansky device 
occur at a frequency —0.03-0.3 times the frequency of occur- 
rence of fission tracks. Since the correlation does not continue 
to adjacent sheets, monopole tracks are ruled out. 

The surface density of etch pit pairs of intermediate length 
is strongly correlated with the densities of fission tracks and 
@-recoil pits. We denote surface densities of the three types of 
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Fig. 2 а, Correlation of the ratio Pint/ Psp With par/Psp for 
samples of muscovite with values of Psr ranging from 40 to 1,600 
tracks per cm? and with fission track ages of 400-950 Myr. The 
values of pin./ Psp labelled ‘Calc. 17 and ‘Calc. 2’ on the ordinate 
are discussed in the text. The calculated value of Рак/ Psr indicated 
by an arrow on the abscissa is taken from ref. 3. b, Correlation of 
Pint/ Psr With mean combined fission track length ((L)) for various 
samples of muscovite. 





Dos. 





Mcd Le l LETTERS TONATURE 


track in number per | ст? by: an PsF and Pak for intermediate, 
spontaneous fission and a-reéoil respectively: Figure 2a shows 
the-strong correlation of the ratio Pin! Psr With par/ psr in large 
muscovite crystals selected for our monopole search, and in two 
crystals that we annealed for 1 h at 300 °C and 250 *C (triangles). 
Figure 2b shows the. correlation of p;,,/ psp with mean fission 
track length (L) i in the same samples. We note that, despite a 
factor of 40 variation in '"Psr among these micas, pj; correlates 
closely with Psp and with bar in such a way as to suggest strongly 
. that these tracks of intermediate length are related to radiation 
from either, U or Th, that they are much less resistant to thermal 
annealing ihan are fission tracks, and that they are somewhat 
less resistant to thermal annealing than are a-recoil tracks. The 
small ratio pin/Psr in micas with small pop/psp and (L) thus 
seems to be due to partial annealing. Table 1 compares the 





Table 1 Natural radiation tracks in mica compared with hypothetical 
tracks of monopole-nucleus bound pairs 





dE/dx 


SEI (GeV cm? 

Track type Z B 87!) R (ym)* 
Spontaneous fission —38 and. ~0.031-0.046 ~25 ~20 
TE -52 
a Recoil 82-90 0.0013 -15 0.01-0.03 
a Interaction 14-15 0.006 ~3 0.25-1.6 
"Al-monopole . 13 ~0.001 ~3 >10! 





` 2, atomic number; B, velocity (units of c); dE/dx, rate of energy loss 
along the track. 

* Sum of ranges of both fragments. 

t Although the range is >10? km, as a consequence of the low v the 
etch pits are shallow at every surface traversed. 


characteristics of the' three types of natural radiation tracks of 
hypothetical tracks of "Al-monopole bound. pairs. 

We have investigated two candidates for the origin of the etch 
pits of intermediate length. The first is the recently discovered? 
spontaneous emission of heavy ions by one or more daughter 
nuclei in the U or Th decay chain. Such.an explanation would 
be viable only if the ratio of decay rates for heavy ion emission 
relative to spontaneous fission were related to the observed ratios 
Pint! Psy and to the ratios of etchable range of daughter nucleus 
following heavy ion emission to fission fragment range (L) as 
follows: 


Pin Psr = С AiCiR;)/ AspCass(L) Q) 


where А; is the decay rate for emission of a particular heavy 
ion from a nuclide with concentration С; and etchable range 
R, and Аср and С,ҙҙ are the spontaneous fission rate and 
concentration of 230. Typically, R; = 2-3 um in mica (only the 
‘recoiling daughter, not the energetic heavy ion, has a. high 
enough radiation- damage rate to contribute) and Pin Psr is 
Observed to be —0.1, which would require (Y A;C;)/ АсвСҙза 1 
or (YA,C))/AgCu= Y В(НІ/ о) —10 $, where B(HI/a) is the 
branching ratio fora particular heavy-ion emission mode relative 
to a-decay. None of the measured" or theoretically predicted'* 
values of B(HI/a) for radioactive heavy nuclides is as high as 
107°, It seems very unlikely that more than ~10~? of the etch 
pits of intermediate length could be due to spontaneous heavy- 
ion emission. 

“Тһе second explanation, which we believe to be the correct 
one, is that the etch pits of intermediate length are produced 
by recoiling compound nuclei resulting from (а, n) and (a, p) 
reactions of o particles (from the radioactive decay of 7°*Th, 
?5U and 2581) and their daughters) with nuclei comprising the 
mica structure. 
Ctozaz et а1!% showed by accelerator calibrations that ener- 
getic He ions from solar flares could produce short ‘interaction 
tracks’ in lunar and meteoritic samples and cosmic dust grains, 
but did not realize that such tracks could also be produced as 
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Fig. 3 Production rate of o-interaction tracks per incident He 

ion as a function of He ion kinetic énergy ( T). Experimental points 

are from ref. 16 (6) and this work (^). The dashed line is an 

empirical fit to the data; the solid line is caculated from the 

cross-sections for (о, p) and (о, п) reactions with Al and Si 
(equation (3)). 


a by- product of œ decay in terréstrial minerals. Figure 3 shows 
measurements of the ratio of the density of shallow -etch pit 
pairs on an internal cleavage plane of mica to ®,, the number 
of He ions per cm’, as à function of He ion kinetic énergy (Т). 
The solid points were obtained by Crozaz et al.'®, who.slowed 
a 30-MeV He-ion beam to various energies with absorbers; the 
open circles are. data we, obtained at the Lawrence Berkeley 
Laboratory 88-inch cyclotron using He-ion beams of 11.6 and 
14МеУ to bombard partially cleaved mica samples with 
cleavage planes at depths of ~20-60 um. (We annealed tlie 
samples for 5 h at 490 °C in air to erase all natural tracks before 
doing the irradiations.) We calculated the He ion energies at 
the cleavage planes using a range-energy relation for He Inns 
in muscovite! 

We found. that, in addition to etch pairs with lengths of 
~0.25-1.6 um, very faint etch pits, visible only in phase contrast, 
result from He ion bombardments. Their production rate does 
not show a threshold at low energies. It is likely that they are 
simply atoms scattered elastically by the He ions and that their 
small V;is due to their having a smaller charge than the recoiling 
compound nuclei. 

In their study, Crozaz et al. 16 found that (1) Heions produced 
‘interaction tracks’ in several minerals in addition to muscovite; 
(2) the ratio p;,,/®, increased rapidly above a threshold. at 
~2 MeV per nucleon (see Fig. 3); (3) pin/P_ was four times 
higher if the He ions passed through an Al cover foil rather 
than through a muscovite cover; (4) рш/Ф,, was >100 times 
lower for a plastic cover (containing Н, С апа О nuclei) than 
for a muscovite cover; (5) the tracks could be annealed out 
at a much lower temperature than fission tracks. They 
inferred from the energy threshold that a-induced nuclear 
reactions are a more important source than ue scattered 
nuclei. 

Since the work of Crozaz et al. 16. cross- sections as a function 
of energy for reactions of He ions ” with A] and Si targets have 
been піеаѕигей!”, and data on the registration of tracks as а 
function of Z.and velocity in mica have been obtained (refs 8, 
9, 18 and P.B.P. and M.H.S., unpublished data). From these 
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data we have been able to calculate the production. rate pin,/Pq 
as a function of energy, shown by the solid curve in Fig. 3, based 
on the following expression: 


£i / Da =}; Co (E)r(E) (3) 


where C = Ca = Cg; = 1.28 x 10? cm™ is the number of Al or 
Si nuclei per cm? in muscovite of composition K;AL[SicAL,O,g]- 
(ОН,Б),; о,(Е) is the cross-section for a particular (a, p) or 
(a, n) reaction on Al ог Si; r;(E) is the recordable range of 
recoiling residual nuclei following compound nucleus de-excita- 
tion; the sum is over both types of reactions and both types of 
nuclei. Since values of ғ; are typically «1 um, which is much 
smaller than the range of the a particles in the beam, the relevant 
kinetic energy E can be taken as constant and equal to that of 
He ions at the cleavage plane. Equation (3) assumes a one- 
dimensional geometry, which is approximately valid for recoil- 
ing compound nuclei emitting a neutron or proton. 

Because of their very low etching rate, vr, we have ignored 
contributions of products of He-induced reactions with O and 
F; in view of the low concentration of K relative to Al+Si, and 
in the absence of cross-section data, we have ignored He-induced 
reactions with K. The agreement between the calculated curve 
and the two sets of data is satisfactory when uncertainties in 
He-ion energies at the mica cleavage plane and in values of rj 
are taken into account. Therefore, following Crozaz et al.'®, we 
refer to the etch-pit pairs of intermediate length as a-interaction 
tracks. 

Table 2 shows the contributions of four of the a-emitting 
nuclei in the U and Th decay chains to the concentration of 
a-interaction tracks relative to the concentration of spontaneous 
fission tracks. œ Particles from other nuclides have too low an 
energy or, in the case of the ??U chain, too low an abundance 
to contribute significantly. We used two methods to calculate 
the ratio Pim Psr- 

The first approach was, for a concentration C; and decay rate 
A; of an a-emitter of species i, to calculate the flux of а particles 
in each interval of residual range seen by Al and Si nuclei 
located close enough to a cleavage plane to produce а-ішегас- 
tion tracks crossing that cleavage plane from either side. In the 
integral in equation (4), the cross-section с, the recordable 
range r; of the recoiling product of the compound-nucleus 
reaction of the a-particle with Al or Si, and the residual range 
R; of an а particle from species i are functions of the residual 
kinetic energy of the slowing а particle. 


(=) Е АС; 2СУ, [omo ст AR; 
Рве/: АввСзза (1) 


The sum is over (а, p) and (а, n) reactions with Al and Si. The 
expression for the ratio (р;../рѕғ), has implicitly taken into 
account an integration over isotropic distributions of directions 
of а emission and spontaneous fission, which leads to mean 
thicknesses R,/2 for а emission and (L)/2 for fission. Based оп 
calibration data, we take г to be the true range of the recoil 
minus 0.15 ium, the portion at the end of the range with vr too 
small to be detected. In secular equilibrium the ratio of activities 
per cm’, A,C,/ Asc Czss, is taken to be 2.8 х 105 for all members 
of the ??Th decay chain and 2.2 x 105 for members of the 238) 
chain. The results are shown in the penultimate column of Table 
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Table 2 Production of a-interaction tracks by U, Th decay chains 
Pim/ PSF 
Parent Daughter T, (MeV) Calc. 1 Calc. 2 
??Th 212pg 8.79 0.13 0.13 
23?Th 216ро 6.84 0.009 0.018 
2381] 214ро 7.69 0.008 0.036 
2?Th 206 6.29 0.003 0.009 ° 
Total from all sources 0.15 0.193 





2. The sum of the contributions from the four species gives 
Pint/ Psr = 0.15, which is indicated on the ordinates of Fig. 2 by 
an arrow labelled ‘Calc. 1’. 

The second approach was to use the He-ion calibration data 
for Pint/ Pa as a function of energy (Fig. 3) to calculate (pin/ Psp); 


for each species i: 
(=) = A;C; (ее (Pint/Pa) dR; 
PsEF/i  ÀAsgCoss (1) 
The results are shown іп the last column of Table 2 and by the 
arrow labelled ‘Calc. 2’ on the ordinates in Fig. 2. 

The strong correlation of the ratio pin./ psp with pap/ psp and 
(1) for micas varying by a factor of 40 in U concentration, the 
agreement in length distribution of natural etch pit pairs of 
intermediate length and of those produced in He-ion irradi- 
ations, and the close agreement between the values of pint/ Psr 
obtained from the two calculations and the value obtained in 
the majority of the measurements shown in Fig. 2 establish that 
the naturally occurring etch pit pairs of intermediate length are 
due to recoil compound-nuclei produced in reactions of a parti- 
cles emitted by daughters of U and Th impurities in mica. 

Resistance to thermal fading has been shown? to depend on 
radiation damage density associated with a particular type of 
track. Based on the relative energy deposition rates shown in 
Table 2, we would expect a-interaction tracks to be less resistant 
to thermal fading than a-recoil tracks, which in turn would be 
less resistant than fission tracks. This is borne out by the correla- 
tions of pint/ psp With pyr/ Psr and (L), which we have indicated 
by dashed lines in Fig. 2. All of the micas for which data are 
presented in Fig. 2 were selected on the basis of their perfection, 
large size and great age for use in our monopole search. Because 
of the close similarity in radiation-damage rate for an Al- 
monopole track and for an a-interaction track (Table 1), we 
сап use the observed ratio pint/ psp as a measure of survivability 
of Al-monopole tracks. We conclude that all but the two samples 
With pi,/pse «0.1 would have retained Al-monopole tracks 
during most if not all of the timespan indicated by their fission 
track ages. 
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Incommensurately modulated a’-Sr,SiO, 
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The solid-state chemistry of superficially mundane A,BX, com- 
pounds with #-K,SO,-related structures is ‘a can of worms’, 
characterized by prolific polymorphism and, despite careful single- 

: crystal X-ray diffraction studies, persistent uncertainty about exact 
space groups and atom positions. This is true of Ca;SiO, ^, a 
major constituent of cement, and Sr,SiO,*"”° despite 50 years of 
(confusing) literature. On the other hand, the solid-state physics 
of some other A,BX, compounds (for example, K;SeO,), as well 

.as more exotic charge-density-wave types, involves modulated 
structures. Similar behaviour could conceivably resolve the struc- 
tural confusion cited above (wrong structural models may have 
been refined); to investigate this possibility” we have studied the 
transition B- > a'-Sr,SiO, by beam-heating the B-polymorph in 
an electron microscope. Electron diffraction patterns reveal two 
sets of incommensurate satellite reflections, indicating distinct 

. modulated structures. Their origin is an asymmetric 

—Sr—O—Sr—O-— chain (common to В and a’), with alternating 

bond lengths which tend to equality as T' increases, but at a cost 

of reduced total bond strength and energy. 

Although the В structures of both Ca,SiO, and Sr,SiO, аге 
well characterized, our understanding of the o'-structure, and 
hence of the Ba’ transition, is incomplete. А good refinement 
of a'-Ca;SiO, is not available, and there has been conjecture 
about its structure. It now seems to be generally agreed that 
there are two a'-Ca structures: о! at lower and ан at higher 
temperatures”*. Both are superstructures of a prototype a’ (B- 
K,SO, type, Pmnb, Z = 4); but their nature is subject to dispute. 
For а! some authors deduce 2a x b x 2c*"?, others a x 3b x c (ref. 
3). On the other hand, the recent, careful single-crystal X-ray 
study of a’-Sr,SiO, (ref. 9) at 110°C (~25 °C above transition 
temperature, Т.) made no mention of a superstructure (although 
one would anticipate that Ca,SiO, and Sr,SiO, would be 
similar). The data were analysed in terms of two basic models: 
(1) an (‘ordered’) orthorhombic ( Pmnb) structure with Sr atoms 
and SiO, tetrahedra on (100) mirror planes; and (2) a ('disor- 
dered’) monoclinic ( P2,/n, but with 8 = 90°) twinned structure 
with these atoms statistically distributed between two sets of 
. dose, (100)-mirror-related positions. Model (2) was preferred: 
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Fig. 2 The structures of 8-Sr;SiO, (ref. 8) (top) and the 'disor- 

dered’ model of a’-Sr,SiO, (ref 9) (bottom) projected on (010). 

Large circles, Sr; medium circles, Si; small circles, O atoms. SiO, 

tetrahedra are shown; dotted lines represent —Sr(1)—O(2)— 

chains, with the dense dots indicating the shorter bond. (The second 
twin of each is obtained by reflection in (100).) 


it strongly resembles the B-Sr,SiO, structure (Р2,/п, B = 92.67°), 
crystals of which are always polysynthetically twinned; and 
a'-Sr,SiO, is the para-elastic form of the ferroelastic f. 
Nevertheless, ambiguity remains. 

It is conceivable that an incommensurately modulated struc- 
ture intrudes into the (displacive) Bsa’ transition and that 
electron diffraction studies could reveal this'’. The transition 





Fig. 1 [100] zone-axis diffraction patterns of a, B-Sr,SiO, (b-axis unique); b, c, beam-heated Sr,SiO,. The latter two show Bragg reflections 
similar to those in a, but also additional satellite reflections, q, in b and q; in c. 
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1. 
AVE 
4 
Fig. 3 A schematic representation of the Sr(1)—O(2) bond 
(potential) energy, E, as a function of bond length, d, in the 


~Sr(1)—O(2)— chains parallel to x. The thin lines are for adjacent 
bonds; the solid line is their sum. 


temperature is ~680°C for Ca,SiO, (refs 2, 5, 6) but ~85°C 
(ref. 13) for Sr,SiO,. The lower temperature is more readily 
accessible in the electron microscope; we have therefore 'beam- 
heated’ Sr,SiO,, because a hot stage was not available. An 
additional advantage of Sr,SiO, is that it has no y-polymorph, 
so that ‘dusting’, due to 8- > y-Ca,SiO,, does not occur. (A 
previous electron-microscope study of 8-«*o'-Ca;SiO, has been 
reported", but although micrographs were discussed, diffraction 
patterns were not.) 

Three types of [100] zone-axis diffraction patterns were 
Observed (see Fig. 1). The pattern in a was obtained with a 
defocussed beam, and corresponds to the B-phase; for b and с 
a focused (heating) beam was used. In addition to the Bragg 
reflections observed in a, patterns b and c also contain satellite 
reflections, the spacing of which is different in the two cases, 
but apparently incommensurate with the Bragg reflections in 
both. (b, qı —0.39b*; с, q, =0.30b*.) They correspond to modu- 
lations with periodicities of ~2.56b~14.5A and ~3.33b= 
18.9 A, respectively, Within the error of measurement, no other 
q values have been detected. 

The observations are interesting in at least two respects: (1) 
the multiplicities (2.56 and 3.33) are close to the value of 3b* 
reported for an оү superstructure by Saalfeld?; (2) the presence 
of a modulation could well account for the elusive details of 
the a’-structure referred to above. While the (relatively weak) 
satellites are clearly consistent with the single-crystal X-ray 
diffraction data from a’-Sr,SiO, (refs 9, 10), the possibility of 
modulation appears not to have been considered previously; 
which is doubly strange as its likelihood was suggested some 
time ago", although not specifically for alkaline earth silicates. 
Indeed, the transformations PmnbSincommensurates Р2,/п 
have recently been reported for some other compounds with 
B-K5SO,-related structures: Cs,CdBr, and Cs,HgBr, (ref. 16). 

The driving force for this transformation (and related ones) 
is complex, but its major component is simple and direct. Figure 
2 shows (one twin form of each of) the B- and a'-SrSiO, 
structures?? projected along [010], the pseudo-hexagonal (and 
unique monoclinic) axis (setting P12,/n1) and the modulation 
direction; in both there are nearly rectilinear chains, 
—8r(1)—0(2)—Sr(1)—0(2)—, parallel to x. In these chains, 
alternate bonds are of different lengths: I(Sr—O) = 2.56, (denot- 
ing uncertainty, 2.566+0.00n) and 3.10, A in В and 2.68; and 





LETTERSTONATURE ме 429 


3.00, А in о; the difference is more marked іп B than in a’. 
This difference is the principal cause of the well known tilting 
of the SiO, tetrahedra from a more asymmetrical position in 
the B-structure to а more symmetrical one in the a‘ (aj?) 
structure and eventually, at even higher temperatures, to a 
completely symmetrical one and space group Ртп in the £- 
K5SO,-type (a5?) structure. 

Bond strength calculations!" yield, for these bonds, s = 0.38 
and 0.07 valence units for В and 0.21 and 0.10 for a^; so that 
the sum of the two bond strengths is 0.35 for В and 0.31 for a’. 
Clearly the bond energy is higher (and the crystal energy lower) 
in the former. Equally clearly (and this is emphasized by the 
invariable polysynthetic twinning of 8), the Sr—O bond energy 
is a ‘double-well’ function (Fig. 3). With the difference that the 
chain is diatomic rather than monatomic, this is the simple 
situation described by Pynn!* for incommensurate structures. 
The modulation can be described as a variation, in the b direc- 
tion, of the relative lengths of the two critical Sr(1) --O(2) bonds 
(which are almost parallel to a). As a consequence, the tilt of 
the SiO, tetrahedra (about an axis sub-parallel to b, and passing 
through the Si atoms) varies gradually, and periodically, 
between two extremes: that in Fig. 2b and its (100)-mirror- 
related twin. 

Similar considerations will almost certainly apply to the 
analogous calcium silicate, which is now being studied. 
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Interest is growing in the wide variety of fractal objects! found in 
nature; these include electric discharge patterns’, infinite perco- 
lation clusters?^, branched polymers*® and surface irregularities’. 
The question of whether surface cracks, such as those that occur 
in protective coatings, also lead to fractal-like structures is another 
problem of great interest. Here we study this question theoretically, 
making use of a molecular model for material failure, introduced 
previously), which is based on the kinetic theory of fracture?'?. 
The model is applied to a two-dimensional surface stretched in 
one direction, and our results show that the cracks developing in 
the material exhibit properties similar to each other, at least at 
the molecular level. For a wide range of values of the elastic 
constants of the material, the fractal dimensionality is found to 
have a universal value, D = 1.27 + 0.02. 

The surface is represented by a two-dimensional (x-y) 
network of nodes representing the difficult-to-deform strong 
parts of the material (Fig. 1). These nodes are joined in the y 


~ 
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Fig. 1 Two-dimensional net- 

work of nodes with one broken 

bond along the y-axis. K, and 

K, are the elastic constants 
for the bonds. 





and x directions by elastic bonds with force constants K, and 
K,, representing the easily deformable and easily broken regions. 
In the case of a fibre that is perfectly ordered and oriented along 
the y-axis, the nodes represent the elementary repetition units 
of the macromolecules, and K, and K, are the elastic constants 
for the primary (for example, C-C) and secondary (van der 
Waals or hydrogen) bonds, respectively. The network is stret- 
ched along the y-axis by a constant strain and the basic events 
in the network are controlled by thermally activated bond break- 
ages; accumulation of these events leads to crack formation and, 
ultimately, to network breakdown. The bond breakage process 
is examined with the help of the following stochastic model. 
The (unbroken) bonds are subjected at random to а Monte-Carlo 
lottery which breaks a bond with probability 


Pi — exp {(-U,+ E)/ KT/ Pmax (1) 


where U, is an activation energy, В; is the elastic energy stored 
in the bond, k is Boltzmann's constant, T is the absolute tem- 
perature and Pmax is a normalization constant which ensures 
that the probability of breaking the most stressed bond in the 
array is unity. We set 


Е, = (1/2) K(AL)* (2) 


in which K, is the force constant for bond i and Al, is the 
elongation. As a bond breaks, the two nodes connected through 
it will move apart (see below). For simplicity, we assume that 
the motions of the nodes along the x- and y-axes are mutually 
independent'5, and we focus on their displacements along the 
v-axis, where the network is strained. Thus, the Al, values (see 
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equation (2)) are for elongations along the y-axis and corre- 
spond either to an axial tensile force (for a bond along the 
y-axis) or to a shear force (for a bond along the x-axis). 
After a very small number of bonds have been broken, the 
network is relaxed to its minimum energy configuration in a 
series of steps. At each step, a node i is visited and its y-ordinate 
is adjusted so as to reduce to zero the net residual force (Ri) 


R= X K; (Al) + У; Ry (3) 
[intact [nodes i’ 
bonds j] in contact] 


acting on that node. The first term on the right-hand side of 
equation (3) is due to the elastic force acting on the bonds j 
originating from node i, with К; = К, and Ку = K, for a bond 
along the y- and the x-axis, respectively. Al; is the elongation 
of bond j, measured by the difference in the y-ordinates of the 
two ends of the bond. The second term on the right-hand side 
of equation (3) accounts for the external forces acting on node 
i, when in contact with any of its two neighbours i' along the 
y-axis. Indeed, we recall our assumption that the nodes are the 
difficult-to-deform, strong parts of the material. 

It is important to note that if the residual force for a node is 
reduced to zero, it often results in an automatic increase of (the 
absolute value of) the residuals for the neighbouring nodes. 
Therefore, the liquidation of all the residuals in the array is a 
very computer-time-consuming process. For that reason, the 
liquidation of the residuals has been performed using two well- 
known computational devices!!, called overrelaxation and block 
relaxation, which considerably speed up the convergence of the 
calculations. Overrelaxation moves a node not simply to the 
position at which the residual R is zero, but rather to a position 
at which the sign of the residual is opposite to that of the average 
for the neighbouring nodes. The second, and more important, 
device is known as block relaxation and consists of adjusting 
the y-ordinates of more than one node at a time. 

We start with an intact network (no broken bonds), stretched 
by a constant strain of 20%. The stochastic model then proceeds 
in a series of steps. At each step, 0.196 of the total number of 
bonds are broken according to equations (1) and (2), after which 
the network is relaxed towards mechanical equilibrium, using 
equation (3). These steps are repeated until the network breaks. 
Typically, a network consists of 60 nodes in the y-direction and 
100 nodes in the x-direction, with periodic boundary conditions. 
The small size of the network is dictated by the mechanical 
relaxation steps which represent the most computer-time- 
consuming processes in our simulations. A relaxation step was 
considered to be complete when the net forces measured at the 
two ends of the network along the y-axis were equal to within 
a few per cent. A typical simulation takes 6-8 hours of CPU 
time on an IBM 3081D. For the calculation of the elongations 
Al, (equation (2)), we set the length of a node along the y-axis 
to be equal to 1 unit length (its width being set to 0.2 units). 
For simplicity, we chose equal activation energies (equation (1)) 
and took KT = 1. 


Fig.2 Results of the simulations 

Гог K,=K,=20 (kT=1, U= 

constant for all the bonds). a, Long 

before failure; b, close to failure; c, 
at failure. 
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1 10 10° 
r 
Fig. 3 log-log dependence of n on r (see equation (4)), where n 
is the number of yardsticks of size r needed to cover the perimeter 
of a crack; r is in units of the width of a node along the x-axis. 
Curve a: К. = К. —20; curve b: К, = 200, K, — 20. 


Figure 2 shows a two-dimensional network with K, = K, — 20, 
at different stages of our simulations. Long before failure 
(Fig. 2a), small cracks are observed which grow in number. As 
failuré is approached (Fig. 2b), these cracks merge together, 
giving rise to a smaller number of larger cracks. Note that al] 
the cracks at the top of Fig. 2a and b have the same *dog' shape 
and already suggest self-similarity properties. At failure 
(Fig. 2c), only one crack is present, which extends throughout 
the network along the x-axis. All the other cracks have either 
been incorporated into the latter or have been closed through 
relaxation of the remaining elastic bonds towards their un- 
stretched state. The fraction of broken bonds in Fig. 2c is ~30%. 
‚ The degree of irregularity of a crack perimeter is given by its 
fractal dimension D (ref. 1), obtained by measuring the per- 
imeter length using yardsticks of different sizes. The perimeter 
is a fractal if 


n~rP (4) 


where n is the number of yardsticks of size r needed to cover 
the entire perimeter. (Because, in general, one cannot cover the 
entire perimeter with an integral number of yardsticks, the 
termination is handled by taking the straight line segment 
between the current point and the end point of the perimeter. 
The ratio of the segment length to the yardstick length is then 
added to the yardstick count!?.) Curve a of Fig. 3 shows the 
log-log dependence of n on r for the perimeter of the ‘infinite’ 
crack in Fig. 2c. Fitting a straight line in the range 2« r «30 
leads to a slope D — 1.27 +0.02. A similar value of D, although 
for a smaller size range of r, has been obtained for the perimeters 
of the finite cracks in Fig. 2b. 

An alternative statistical measure of D for an ensemble of 
finite cracks examined with the same yardstick size r is defined 
by 


P(r)~ A(r)?^ (5) 


where P(r) is the perimeter and A(r) is the area (for a given 
finite crack, the area A includes all the nodes and groups of 
nodes completely surrounded by the crack in question‘). 
Equation (5) has been applied to the cracks in Бір.2а and b 
by determining the value of D which, for a given r, minimizes 
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the standard deviation for the ratios P(r)/ А(г)?/°. In the range 
1<г<8, we find D = 1.31:+0.15. Although the statistical error 
is large because of the small number of cracks investigated, the 
latter value of D is consistent with that obtained using equation 
(4). 

The range of D values achievable by the model can be easily 
determined. In the limit of large KT, p, is constant (see equation 
(1)) and the crack corresponds to a two-dimensional percolation 
cluster whose exterior perimeter (hull) has a fractal dimension 
of ~1.75. In the limit KT = 0, the crack develops horizontally 
from a small nucleus and D = 1. For finite kT, D also depends 
on K, and K, Computer simulation results for kT = 1 with 
K, = K, —10 and К, = 200, К, —20 (see Fig. 3, curve b) lead 
to D values which are identical, within experimental error, to 
that (1.27 + 0.02) found for the initial choice K, = K, = 20. This 
indicates that for intermediate values of КТ, the fractal 
dimensionality D is insensitive to model details and may take 
on a universal value for all finite, non-zero values of KT. 

Admittedly, our model may be only a crude representation 
of real experimental systems. For example, the model in its 
present form does not allow for out-of-plane buckling 
phenomena or in-plane distortion effects. Nevertheless, we 
believe that these complications should be minimal in the per- 
fectly ordered and oriented polymeric systems for which the 
present model was originally devised?. Concerning the com- 
parison of our D values with experimental data, we note that 
for crushed glass, D — 2.35 (ref. 14), whereas for fractured steel 
the fractal dimensional increment D’ (D'- D—1) was found 
to be 1.27 (ref. 15). Although results in two dimensions cannot 
be extrapolated to three dimensions, it is interesting that the 
latter experimental values are consistent with our prediction 
D — 1.27 for a surface, if we assume D (three dimensions) = D 
(two dimensions) +1. 
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by dual-polarization radar 
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Hail causes considerable damage to property and agriculture and 
a simple, unambiguous method of determining which convective 
storms contain hail would be of great use for short-term weather 
forecasting, and would also find application in the study of the 
mechanism of hailstone growth. Previous radar methods of hail 
detection"? have not proved reliable, but here we report results 
of a new technique based on the measurement of differential 
reflectivity using dual polarization radar and suggest an additional 
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Fig. 1 Contour plots of reflectivity Z (a) 
and differential reflectivity Zpr (b) 
obtained from a vertical scan through an 
intense convective storm at 13:36 UT, 6 July 
1983. a, Contours of Z are drawn every 
10dBZ above 1mm тг, with an addi- 
tional dotted 5-dBZ contour. b, Contours 





Altitude (km) 


Range. (km) 


criterion for hail recognition. Hail is known to occur in vigorous 

‘convective Storms in which the effective radar reflectivity, Z, 
measured by conventional radar is high. If the hail reaches the 
ground it is usually restricted to long narrow swathes“, often. about 
1km wide but up to 50km long, accompanied by surrounding 
precipitation in the form of heavy rain. The differential reflectivity 
technique involves comparing the radar réflectivity factor for 
horizontally (2н) and vertically (Zy) polarized radiation; the 
comparison provides a méasure of the mean shape of the precipita- 
tion particles. Close to the ground the values of Z are high for 
both hail and heavy rain, but because the large raindrops are 
oblate and fall with their horizontal diameter greater than the 
vertical, the value of Z in the rain exceeds that of Zy. The 
smaller regiohs where hail is present can be clearly distinguished 
from the neighbouring heavy rain because, although individual 
_hailstones may not be spherical, they tumble as they fall and so 
result in equa] values of Zy and Zy. 

For meteorological radars the power scattered back by com- 
mon precipitation particles is proportional to the sixth power 
of the particle size and, although the particles may be frozen 
or liquid and may be non-spherical, it is usual to express the 
return as the equivalent radar reflectivity factor, Z, defined as 
the summation per unit volume of the diameter, raised to the 
sixth power, of spherical water drops which would scatter the 
same power as that actually measured. Z is usually quoted in 
decibels above 1 тте m ?. A full review of meteorological appli- 
cations of radar is provided by Browning. 

The new method of hail detection relies on a measurement 





of Zor are plotted at 1-dB intervals starting 
at 1 dB. The dotted 5-dBZ contour from a 
is included, to delineate the extent of the 
echo. The positive values of 25 below 2 km 
altitude are due to raindrops falling with 
their horizontal axis larger than the vertical; 
In contrast to this is a narrow region at 
87 km («1 km wide) at 87 km range where 
near-zero values of Zp, extend down to:the 
ground, We believe that this region coiitains 
tumbling hail falling to the ground. 


of the differential reflectivity, Zp,, defined in decibels as 


Zor = 10108,0 (Zu/ Zy) 


The radar used in this study is fully described by Cherry and 
Goddard®. Situated at Chilbolton in southern England, it has 
an antenna of 25 m diameter, giving a 0.25? beamwidth at the 
10 cm operating wavelength. Pulses with horizontal and vertical 
polarizations are transmitted (and received) alternately with a 
pulse repetition frequency (PRF) of 610 Hz. The precipitation 
forms an incoherent target with the values of Z fluctuating as 
the hydrometeors reshuffle in space, but this choice of PRF 
ensures adequate correlation of Z between sequential samples 
so that Zpr may be estimated accurately. Each range-gated data 
sample comprises a spatial average over 300m (four pulse 
volumes), which is time averaged over 64 transmitted pulse 
pairs. The worst case errors in measuring Z and Zp are esti- 
mated to be 0.7 dBZ and 0.2 dB respectively. Р 

А vertical section through a vigorous convective storm is 
shown in Fig. 1. In Fig.1a, contours of the conventional reflec- 
tivity Z are drawn evey 10 dBZ, from 10 dBZ to 70 dBZ above 
1mm m^. In Fig.1b, contours of Хь, observed simul- 
taneously, are drawn at 1-dB intervals. The dotted Z contour 
at 5 dBZ in a and b delineates the overall extent of the echo. 
On this day the 0°C isotherm was at about 3 km altitude, and 
(as is typical for convective clouds’) values of Zpp at higher 
altitudes in Fig. 15 are very close to zero, indicating randomly 
tumbling ice particles. Closer to the ground where it is warmer 
than 0°C, rain is to be expected, and as the rain intensity 
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increases the drops become larger and more oblate, leading to 
larger values of Zpr; assuming a Marshall-Palmer raindrop size 
distribution?, calculations show? that Zpp should exceed 1 dB 
when the Z value exceeds 35 dBZ. In contrast to this is a region 
at a range of about 87 km where low values of Zpg extend down 
to the ground. For a width of about 600 m (that is, over two 
neighbouring samples), a Zpr below 0.5 dB accompanied bya 
Z of 65 dBZ extends down to a radar elevation of zero degrees. 
For monodispersed raindrops this value of Zpp implies 
diameters less than 2 mm, which would need to be present in 
the unrealistic concentration of 500,000 m^? to give the observed 
Z. This corresponds to rainfall rates of thousands of millimetres 
per hour, and any other distribution would require even higher 
concentrations. The only plausible explanation is that the pre- 
cipitation is hail which is nearly spherical or tumbles as it falls: 
The hail must be large, and with a high terminal velocity, so 
that although the surface is wet it has not melted sufficiently to 
form an oblate-shaped water coating. A similar but less extreme 
case can be seen in Hall et al. 

To monitor hail over a large area, the radar could be scanned 
in azimuth at low elevation so that in the summer only precipita- 
tion at temperatures much above 0°C is sampled. If regions 
where Z is above 45 dBZ are considered, then any region where 
Zpr is less than 0.7 dB can be identified as hail reaching the 
ground. Hail-swaths could be tracked by monitoring the move- 
ment, in successive scans, of such low-Zpg cores embedded in 
regions of both high Z and 2рҙ. 

The technique outlined above would not result in false alarms. 
However, the precise shape and fall-mode of hail is not well 
known and if aspherical hail falls with a degree of common 
alignment, then рн. might have a local minimum but not fall 
below the 0.7 dB level. In 1986 the Chilbolton radar will be able 
to detect the orthogonal return in addition to the co-planar one. 
This information may provide additional corroborating evidence 
for hail. The linear depolarization ratio, Lpr; for vertically 
polarized transmitted radiation is defined as 


Lor = 10 logio (2у,н/ Zy) 


where “уң is the horizontally polarized return. Lpr values of 
less than —20 dB have been measured!? in rain at a 3.2-cm 
wavelength. The orthogonal return is very low in amplitude 
because it is believed"! that raindrops fall with their axes aligned 
in the vertical, with canting angles of less Шап 1%. Hail is 
generally aspherical and computations? show that randomly 
tumbling wet oblate spheroids with an axial ratio of 0.7 should 
have an Lpr greater than —20 dB. If this is so, the Lpr hail 
signature is simple: summertime values of Lpr above —20 dB 
close to the ground must be due to hail. The extreme case of 
spherical hail would escape Lpg-detection, but would give a 
clear zero Zp, signal. At present there are no reports of measure- 
ments of Lpr at a 10-cm wavelength, but analysis of data at 
3cm (supplied by P. H. Herzegh, personal communication) 
confirms that, although propagation problems affect the absolüte 
values of Lpp, a local increase of about 6 dB appears to coincide 
with a hail shaft. 

The presence of hail seems to be the only physically realistic 
explanation of the localized region of low Zpp embedded in a 
more extensive region where both Z and Zp, are high. Although 
it has not been possible to obtain independent ground-based 
observations in the 500-m-wide region shown in Fig. 1, a long 
series of comparisons" of the radar data with simultaneous 
raindrop size distributions measured at the ground reveals that 
such high Z-low Zpg combinations are not found in rainfall. 
More extensive observations with the Chilbolton radar scanning 
in azimuth at low elevation should enable the tracking of low- 
Zpr cores and any accompanying anomalous-Lpg regions, and 
thus increase the probability of obtaining independent ground- 
based confirmation of the hail identification. 

We acknowledge support from the Meteorological Office 
and.EOARD through grant AFOSR-85-0188. We thank R. E. 
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We have applied a new geochronometer, based on the decay of 
La to !33Ba, to a sample of Amitsoq gneiss from West 
Greenland. Using a value for the electron-capture decay constant, 
Agcy of 4.44 x 10 7 yr, the resulting age (2,4083: 24 Myr) is in 
good agreement with that from Sm-Nd systematics (2,410 + 
54 Myr). Application of this geological clock is limited to REE 
(rare earth element)-rich minerals, but its merit is that, for 
Archaean rocks, the age can be evaluated from one specimen on 
the assumption that the initial Ba isotope ratios are effectively 
constant. 

"La decays to "Ce and U*Ba by B-decay and electron 
capture, respectively. Tanaka and Masuda! developed a dating 
method which employed the **La~'**Ce decay. Preliminary trial 
by Masuda and Nakai? demonstrated the possible geochrono- 
logical utility of the **La-'*Ba decay. Our recent access to а 
better mass spectrometer, and improvement in chemical pro- 
cedures, have enabled us to advance towards realization of a 
La-Ba clock. 

For REE-rich minerals such as allanite and monazite, in which 
the La/Ba abundance ratios are higher than 3 x 107, the accumu- 
lation of radiogenic **Ba from Precambrian times is sufficiently 
large to let us measure their formation ages using the following 
equation: 


(?*Ba/'?7Ba). = ("З Ва/!3?Ва), 
tÀsc/ Аа х (P*La/!?7Ba). 


xLexp(Arotat T) om 1] 


where subscript ‘p’ refers to present, subscript ‘0’ to the time of 
formation, Agc is the electron-capture partial decay constant of 
"La and Aroq the total decay constant of the same nuclide. In 
general, (*Ba/!?7Ba), can be regarded as essentially constant, 
because the contribution of radiogenic "Ba to non-radiogenic 
'?*Ba in ordinary minerals, even after 4.5 x 10? yr, is smaller than 
the range of experimental errors for measurement of ?5Ba/!?7Ba 
fatios and is thus negligible at the present stage of our research. 
(The cosmic abundance ratio for La/Ba is ~0.1 and the isotopic 
percentage of "La with half-life ~10"! yr is 0.089, while that 
of "Ba is 71.70. If the precision of La/Ba dating is enhanced 
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by future progress in mass spectrometry, it may become 
necessary to admit the dependence of (*Ba/!?" Ba), on sample 
age and composition.) The published values for the half-life of 
138] 4 scatter widely; we have therefore сопірагей our 14-Ва 
agés with Sm-Nd mineral isochron ages for the same samples. 
“Тһе barium blank from the chemical procedures сап be con- 
sidered as having the same !?*Ba/'"Ba ratio as the initial ratio 
fer the reason mentioned above, which constitutes a unique 
merit of tlie dating method under consideration. As noted pre- 
viously”, provided that the experimental procedure is designed 
to have the same Ba blank effects for both the Ba isotopic 
composition measurement and the Ba abundance determination, 
the effect of blank contamination is to move points along the 
isochron line іп the "38а/!37Ва versus ?*La/'?"Ba diagram. It 
follows that no Ba blank corrections are needed for the .Ba 
isotopic ratios and Ba abundances thus obtained. The new 
geochronometer has been applied to two sets of samples of 
Precambrian age. The first set of minerals is from the Amitsoq 
gneiss (GGU110999) of West Greenland, from which allanite, 
épidote and sphene were used for dating. The second set com- 
prises allanite, apatite and sphene from the Mustikkamaki peg- 
matite of Finland. 
`- Barium and REE were determined by stable isotope dilution. 
The Ba blank from the separation procedure was ~2 ng. No 
blank correction was made for the reason previously mentioned. 
The overall blank for Nd was ~1 ng, which is negligible. 
~ Ва and Nd isotopic compositions were measured with a VG 
354 mass spectrometer equipped with five Faraday collectors; 
aburidances of Ba, La, Sm and Nd were determined with a 
JEOL JMS-05RB mass spectrometer. Barium isotopes were 
measured using Ta-Re-Ta triple filaments. To correct the vari- 
айоп due to mass discrimination, we normalized all the 
measured isotpic ratios to °°Ba/ 13784 = 0.6996. The measure- 
ments of !2Ва/!3?Ва gave 6.38969 + 12 (20) for a Merck BaCl, 
reagent (Art 1716), 6.38997 +22 (2с) for JB-1 standard basalt 
and 6.38972+27 (2с) for BCR-1 standard basalt. The results 
show the uniformity of Ba isotopic ratios of ordinary rocks 
within experimental uncertainties, and endorse our suggestion 
that the initial '°8Ba/!*’Ba ratio can be taken as invariable. Our 
results are nearly in agreement with those of Eugster et al. 3 and 
Lewis et al^. (The ratio for reagent Ba, 6,38969 +12, can be 
taken as representing a ‘fixed spot’ value.) Neodymium was 
measured as Nd* on Re triple filaments. All the measured 
isotopic ratios were normalized to '5Nd/!^Nd = 0.7219. Our 
1Nd/!^Nd ratio for La Jolla Nd standard reagent was 
0.511849 x 6 (20). 

Results are shown in Table 1 and Figs 1-3. The isochron lines 
were fitted using the York method’. Uncertainties (20) for 
ізгі 2/137а and "Sm/'^^Nd were estimated at 0.5%. We used 
1.56+0.0510'' yr for the electron-capture partial half-life 
(gc = 4.443: 0.15 x 107? yr“), and 1.03 + 0.02 x 101! yr for the 
total half-life of "La Quota = =6.73+0.13x 107" yr), а 
reported by Sato and Hirose$. Figure 1 shows a La-Ba ои 
plot for the allanite, epidote апа whole-rock sample from Amit- 
soq gneiss specimen GGU110999 (analyses in Table 1). The 
three data points define an age of 2,408 +24 (2c) Myr. This 
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Fig. 1 La-Ba mineral isochron plot for GGU110999 from 

Amitsoq gneiss, West Greenland. The isochron yields an age of 

2,408 + 24 (20) Myr with an initial "Ba 7^Bài ratio of 6.38968 + 28 
(20) (Agc 2 444x107? yr™). 


result agrees well with the Sm-Nd mineral isochron age of 
2.4102: 54 (20) Myr (Fig. 2). This agreement is considered not 
only to prove the validity of La-Ba dating, but also to support 
the decay constants, and in particular the Agc value, presented 
by Sato and -Hirose$. (The La-Ba age is far more sensitive to 
Agc than to A, Or Ар.) 

Baadsgaard- et al.’ have carried out thorough investigations 
of mineral isotopic age relationships in Amitsoq gneisses, using 
U-Th-Pb, Pb- Pb, Rb-Sr and K-Ar systematics. A complicated 
history of variable mineral response to. polymetamorphism is 
recorded in six rocks, including GGU110999. Based on all the 
radiometric evidence, it has been concluded that three major 
metamorphic events affected the Amítsoq gneisses at — 3,600, 
2,500 and 1,550 Муг. (According to ош Sm-Nd data оп 
GGU110999 whole rock, its model Nd age is estimated to be 
3,810 Myr.) Our results obtained from La-Ba and Sm-Nd sys- 
tematics are in keeping with the conclusion of Baadsgaard et 
al! from Rb-Sr mineral analyses, that allanite and sphene 
appear to have responded to metamorphism most recently at 
--2,200-2,600 Myr. The K-Ar ages for biotite and hornblende’ 
in GGU110999 are also concordant, at 2,317 and 2,342 Myr, 
respectively. The concordance of mineral ages is not perfect: 
the Rb-Sr system in epidote was affected’ by an event at 
~1,550 Myr, whereas the GGU110999 epidote falls on the 
Sm/ Nd isochron at 2,410 Myr (Fig. 2), together with allanite 
and sphene. 

. We have also investigated the Mustikkamaki ЕИ of 
Finland. The sphene and allanite from this pegmatite define an 
isochron age of 1,694 +42 (2с) Myr. This La-Ba age is younger 
than the Sm- Nd age, 1,820229 (2с) Myr (Fig. 3). Apparently 
the geochronology of the Mustikkamaki pegmatite is more com- 
plicated than that of the Amitsoq gneiss, but interpretation 
based on the geological background is difficult at present (O. 
Kouvo, personal communication). (For the La-Ba age to be 
strictly consistent with the Sm-Nd age for this pegmatite, Авс 
must equal 4.13 х 107? yr !, which yields 2,588 in place of 


Table 1 La-Ba and Sm-Nd isotopic data 





La Ba 


Sample (p.p.m.) (p.p.m.) 138] 4/'37Ba* '38Ba/37Bat 
Amitsoq gneiss (GGU110999) 
Whole rock 1157 163.1 0.00056 6.38963 +36 
Allanite 1.680 x 10* 36.65 3.607 6.42856 +30 
Epidote 599.0 11.98 0.3919 6.39422 + 80 
Sphene 
Musikkamaki pegmatite 
Allanite 3.218 x 10° 62.34 4.058 6.42033 +30 
Apatite 
Sphene 187.1 1102 0.00973 6.38972 £30 


* Uncertainties are «0.596. t Errors are 20 of the mean. 


Sm Nd И 
(p.p.m.) (p.p.m.) 1478m/'4Nd* мзқа/ “мат 
2.500 13.07 0.1156 0.510593 8 
1,236 1.252x 10* 0.05964 0.509725 + 11 
68.85 520.2 0.07997 0.510045 +8 
384.9 1,239 0.1878 0.511773 £8 
2,010 1.622 104 0.07489 0.511101 £8 
50.11 1872 0.1618 0.512157 £8 
837.7 1,061 0.4779 0.515910+8 
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Fig. 2. Sm-Nd mineral isochron plot for 110999 obtained from 
aliquots of the same sample solution as that used for La-Ba 
analysis. The isochron yields ап age of 2,410 + 54 (20) Myr with 
an initial 1? Nd/!*^Nd ratio of 0.508773+34 (2c) (Ag =6.54x 
10712 yr), 


2,408 Myr for the GGU110999 La-Ba age.) The above dis- 
crepancy between 1,694 and 1,820 Myr is considered to be 
related to the thermal or metamorphic history of the district 
concerned and to geochemical mobility of the relevant elements. 
Some isotopic systems may remain undisturbed through a meta- 
morphic event, while others are disturbed or even completely 
reset. The response of different isotopic systems is a function 
of the severity of the metamorphism, and of the geochemical 
behaviour of the parent and daughter elements in relation to 
the particular mineral assemblages and reactions associated with 
the metamorphism. 

Apart from the electron capture of "5I a, there are two nuclear 
reactions which produce Ba in terrestrial minerals. One is the 
spontaneous fission of ?*U with partial decay constant A,— 
8.46 x 107" yr“! (ref. 8), and fission yields for "?9Ba and 137ра 
of 7.2% and 6.6% (ref. 9). Minerals in which the abundance of 
uranium is 7400 times that of barium suffer from the effect of 
fission and the La-Ba age will change slightly. It is evident that 
the U contents in our samples are low enough to neglect the 
fission effect. Another reaction to be considered is the a-decay 
of "Се, the effect of which is marginal for La-Ba dating, 
although the half-life of ‘Се is not precisely known!*-!? If the 
shortest reported half-life (5x 105 yr; ref. 10) is adopted, the 
La-Ba ages reported above are ~0.8% too high. But if the longer 
half-life (>5 x 1016 yr; ref. 12) is employed, the o-decay effect 
is nearly negligible. (A half-life of 9x 10!9 yr has also been 
reported.) 

La-Ba dating is applicable to monazite, allanite, Ba-poor 
epidote, and other REE-rich minerals. The common occurrence 
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Fig. 3 Sm-Nd mineral isochron plot for the Mustikkamáki peg- 
matite, Finland. The isochron yields an age of 1,8202: 29 (20) Myr 
with an initial !^Nd/!'^*Nd ratio of 0.510207 +26 (2o). 
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of epidote as a product of low-grade metamorphic events sug- 
gests that La-Ba dating may be used to date such events in 
ancient shield areas. The La/Ba ratios in sphene and apatite 
appear sometimes to be high enough to allow La-Ba dating. 
The age of allanite can be determined with one imm-sized) 
grain. Although this geochronometer works only for a limited 
number of minerals, it will have much significance for studies 
of the evolution of the continental crust, especially in the Pre* 
cambrian. 

We thank Professor H. Baadsgaard (University of Alberta) 
and Dr O. Kouvo (Geological Survey of Finland) for donation 
of samples, Professor D. Bridgwater (Copenhagen University) 
for helpful information, and S. Tasaki for help in chemical 
separation. Permission to publish results on material from the 
Geological Survey of Greenland (GGU110999) 1s acknow- 
ledged. This research was supported by grant-in-aid for Scientific 
Research from the Ministry of Education, Science and Culture 
of Japan. 
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High ?He/*He ratios in terrestrial samples are generally inter- 
preted as indicating the presence of primitive or primordial gas‘, 
Despite the ubiquitous presence of cosmogenic noble gases in 
meteorites, cosmogenic helium isotopic signatures have never been 
observed in terrestrial samples? and have, for the most part, been 
considered to be insignificant on the Earth. I present here new 
helium isotopic measurements on samples from the Kula formation 
of Haleakala volcano (Hawaii) that are best explained by an in 
situ cosmogenic origin for a significant fraction of the "He. Results 
from crushing and stepwise heating experiments, and consideration 
of the exposure age of the sample at the surface and the cosmic-ray 
fluxes strongly support this hypothesis. Although crustal cos- 
mogenic helium has been proposed previously^5, this represents 
its first unambiguous identification in a terrestrial sample. 
Haleakala volcano, which constitutes the eastern end of the 
island of Maui, is a shield volcano consisting of tholeiitic lavas 
unconformably overlain by later alkali basalts*^. The samples 
discussed here are alkali basalts primarily from the Kula forma- 
tion, and were erupted between 500,000 and 800,000 yr аро“, 
Two of them (H85-10 and H65-4) are drill-core samples!*!! that 
are overlain by 160 m of younger Hana formation basalts. The 
third sample (HS85-3) was collected from the upper 50 cm of 
a 1.5-m thick surface lava flow at White Hill, near the summit 
of Haleakala (at elevation 3,200 m); it is a section of the Kula 
formation that was not buried by the later Hana series. Kaneoka 
and Takaoka’? reported high ?He/^He ratios, up to 37 times the 
atmospheric value (R,) from the same area, a result that was 
later confirmed by Rison and Craig". As shown below, these 
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Table 1 Helium analyses of basalts from Haleakala Volcano 








Crushed Powder heated 1-2 mm grains heated 

3 “Не ?He/*He ^He ?He/^He ^He ?He/*He 
Sample Description Depth Phase analysed (cm? STP в!)  (R/R,)  (cem'STPg?)  (R/R) (cm? STP g`') (R/R,) 
HS85-3 Ankaramite, Surface Olivine 56x10? 82502 1.82 x 107?* 417* [7.88 x 107?] [106.4] 
Я White Hill Olivine 122х107% 8220.1 
Ankaramite with 20% vesicles and 25% Olivine 1.52х 1078 6222 
phenocrysts. The phenocryst population Olivine ! 144x10 5* 68.4* 
consists of 60% subhedral clinopyroxene — Clinopyroxene 3.15x107? 82-01 414х107% 215.2* [3.56 x 1078] [322] 
(2-7 mm), and 40% subhedral to euhedral — Clinopyroxene 3.07 x 1075* 35.6* 
olivine. Zoning and partial resorption of Matrix (holocrystalline basalt) 
clinopyroxenes is evident in thin section. 1.66х1078* 26.7* 
Phenocrysts contain abundant spinel . 
inclusions and some melt inclusions 
H65-4 Drill-core 164m Olivine 8.53x10? 83202 154x107 * 8.00+0.1 

sample 
Alkali basalt containing 1% vesicles and 
5-6% phenocrysts; the phenocrysts consist 
of ~70% (2-3 mm) clinopyroxene, 30% (1- 
2mm) olivine, and sparse plagioclase (see 
also refs 10,11). 
H85-10 Drill-core 249 m Olivine 892x107? 8.1+0.3 5.34х107°* 4.89* 
sample 

Alkali basalt containing ~3% 1-3-mm sub- 
hedral to euhedral olivine, 2% plagioclase 
and 1% clinopyroxene (see also refs 10,11) 
H1790-3 Surface Olivine 238x107? 7920.1 3.56x107* 8.0202 


Ankaramite from 1790 flow of Haleakala 


Mineral separates were prepared by lightly crushing the sample in a stainless-steel mortar, handpicking the 1-2-mm size fraction, and sonic cleaning in dilute nitric 
acid, distilled water and acetone. The basalt matrix (sample HS85-3) was handpicked to eliminate any traces of alteration or phenocrysts, but was not treated with 
solvents (due to the porous nature of the matrix). In several instances, the powder remaining after crushing was recovered from the vacuum vessel, placed in an 
aluminium foil boat, and subjected to stepwise heating. The procedural blanks for crushing and heating during this study were 5.2+0.2x 1071! (о, sample standard 
deviation) cm? STP “Не with ?He/^He ratios indistinguishable (3:2096) from atmospheric. All samples were devoid of any alteration phases in thin section, hand 


specimen or in mineral separates. 


* Sum of step-heating experiments (see Table 2). [ 1, Sum of ‘crushed’ and *powder heated' values from columns 1 and 2. 


high ?He/^He ratios are due to cosmogenic *He within the 
samples rather than mantle-derived helium as suggested by these 
authors. 

The *He/*He ratios obtained by heating sample HS85-3 
(Tables 1, 2) are higher than any previously reported value for 
terrestrial materials, and considerably higher than primordial 
meteoritic or even solar-wind helium. Experimental artefacts 
can immediately be eliminated as an explanation for these high 
?He/^He ratios. Procedural blanks measured before and after 
each sample never deviated significantly from the mean blank 
value. No memory effects could produce the observed results 
because only terrestrial samples have been analysed in this 
laboratory, and no anomalous helium has ever been introduced 
into the furnace, crusher, vacuum lines or mass spectrometer. 
In addition, samples analysed both before and after HS85-3 
(three of which are reported in Table 1) did not display these 
extreme ratios. Rayleigh fractionation of *He and “Не is also 
quite unlikely given the large variability observed (between 8 
and 2,600 x R,). Finally, eight different analyses of this sample, 
using three different extraction methods (crushing, heating of 
powder, and heating of 1-2 mm grains; Table 1), yielded inter- 
nally consistent results, which would not be produced by any 
experimental artefacts. 

Contamination of the sample by anthropogenic tritium can 
also be ruled out given the large quantities of tritium that would 
be required. The amount of excess 3He in all the HS85-3 mineral 
separates is ~1x107'? cm? STP?He g''. To produce this 
amount of ?He would require, for example, that the rock consist 
of 4096 water that had a tritium concentration of 1,000 TU 
(tritium units), which is clearly unrealistic. This possibility is 
conclusively ruled out by analysis of a surface sample from the 
1790 flow on Haleakala (sample H1790-3; Table 1) which does 
not display anomalous *He, but has been exposed to all 
anthropogenic tritium. 


Note also that the total ?He/^He ratio data are consistent, in 
a general way, with results of two other laboratories from the 
same Іосайоп!2!3. Although the ratios reported here are sig- 
nificantly higher, any cosmogenic influence is strongly depth- 
dependent, being greater nearest the surface, so this difference 
could easily be explained by sampling geometry. 

Several important aspects of the data in Tables 1 and 2 
demonstrate why extreme ratios have not been observed pre- 
viously. First, the extraction methods involved both crushing 
and heating in vacuum (discussed in detail elsewhere!*!5), which 
yield quite different results. In all cases presented here, helium 
released by crushing phenocrysts was within one standard devi- 
ation of 8.2 times atmospheric in ?He/^He. However, for sample 
HS85-3, stepwise heating of the powder remaining after crushing 
released helium with extremely high *He/*He ratios, up to 2,600 
times atmospheric. This extreme internal isotopic variability is 
clearly illustrated by the step-heating pattern іп Fig. 1. The 
highest ?He/^He ratios are released by heating the powder at 
low to intermediate temperatures. However, at higher tem- 
peratures progressively more *He is released and the 3He/*He 
decreases, approaching but not quite reaching the *He/*He ratio 
released by crushing. 

The stepwise heating pattern for another sample of Kula age 
is shown in Fig. 2. This sample differs from HS85-3 primarily 
in that it is overlain by 160 m of younger Hana basalts and is 
hence shielded from cosmic rays; the helium released by step- 
heating never exceeds the 3He/*He ratio of the crushing extrac- 
tion. The release pattern is similar to Fig. 1 in that most of the 
4He is released at 1,350 °C, but in this case, the crushed helium 
and high-temperature-released helium are isotopically identical 
at 8 R,. 

The stepwise heating patterns of both olivine powder samples 
show that the lowest temperature step releases helium having a 
lower *He/*He ratio than the successive step. The simplest 
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Fig. 1 Stepwise heating of Haleakala surface sample HS85-3, 
olivine powder. Each step represents the ?He/^He (a) and ^He 
(b) released at the indicated temperature. The dashed line gives 
the ?He/^He ratio yielded by crushing in vacuo, which is attributed 
to inheríted magmatic helium. The extremely high ?He/^He ratios 
(up to 2,600 R,) released at lower temperature are the highest 
reported terrestrial values, and are attributed to cosmogenic 
helium. Error bars, 1e uncertainty. 
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Fig. 2 Stepwise heating of olivine powder from drill-core sample 

H85-10. The lower *He/^He ratio in the low-temperature step is 

atrributed to radiogenic *He. In contrast to the release pattern of 

Fig. 1, the higher temperature steps are in equilibrium with the 

*He/^He released by crushing (8 R,), which is attributed to the 
inherited magmatic helium. 
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explanation for ће low-temperature, tow"He/*He component 
is radiogenic helium from the surface of the phenocrysts that 
are in contact with the basalt matrix, by implantation of a- 
particles (*He) from decay of Th and U. Based on the major- 
element composition of Kula alkali basalt’®, and assuming a 
K/U ratio of 10*, this sample should have a U concentration 
of ~0.8 p.p.m. Assuming Th/U of —3, —5 x 105 cm? radiogenic 
“Нерв”! would be produced in 500,000 yr, a minimum age fór 
the Kula formation??. Therefore, implantation of a very small 
fraction ( « 196) of the matrix radiogenic helium could account 
for the low-temperature release of ^He. 

The simplest interpretation of Figs 1 and 2 is that the low to 
intermediate temperatures release the more weakly bound radio- 
genic and cosmogenic components, and high temperatures 
release primarily the inherited magmatic component. This expla- 
nation is consistent with both the crushing results and the heating 
patterns in Figs 1 and 2. Most of the helium in the phenocrysts 
(that contained in melt and spinel inclusions) is released by 
crushing, and is presumed to be representative of the inherited 
magmatic component, having a *He/*He ratio of 8 R,. Because 
most of the inherited helium is released by crushing, the powder 
remaining after crushing is most affected by additions of post- 
eruptive radiogenic and cosmogenic helium. Therefore, heating 
of olivine powder from sample HS85-3 released the highest 
?He/ He ratio, up to 2,600 times atmospheric. The extremely 
high ?He/^He released by the low-temperature heating experi- 
ments on HS85-3 is most readily explained by the presence of 
cosmogenic ?He. 

There are several possible mechanisms for producing cos- 
mogenic helium enriched in *He: the two most important are 
capture of thermal neutrons by °Li through °Li(n, o)T?He 
and spallation reactions on all heavy nuclei to produce T and 
?He. The “14 reaction and spallation reactions produce *He/*He 
of 1 and —0.1 (roughly 10* and 10? times atmospheric), respec- 
tively. The?He production rate by the “Li reaction can be readily 
estimated once the thermal neutron flux is known. The region 
just below the atmospheric boundary layer will have a higher 
thermal neutron density due to thermalization of atmospheric 
fast neutrons! 9", Therefore, because of the uncertain sampling 
depth, a minimum neutron density is given by the production 
rate within the basalt. The neutron production rate in water at 
3 km elevation is roughly 1.3x 107^ neutrons g^! s^! (ref. 18). 
Scaling according to atomic weight!?, the neutron production 
in basalt should be roughly 25% higher than in water. Therefore, 
a minimum thermal neutron density in the basalt sample is 
—1.6 X 107^ neutrons g ! s^!, but could be up to five times this 
value due to thermalization of fast neutrons, depending on the 
depth below the interface!®!’. 

The fraction of thermal neutrons absorbed by 914 is given by 
f=o0,;N,;/L oN; where с is the neutron absorption cross- 
section (barns, b), and N is the number of moles of each element 
(i). Using the major- and trace-element composition of Kula 
alkali basalt’? for Н585-3, Уо, №, = 0.0125 mol b g^'. Assuming 
that the Li content is 10 p.p.m. (refs 19, 20), f —8.2x 107, and 
the ?He production rate is between 40 and 200 atoms g^! уг”. 
Using the minimum age of the Kula formation (— 500,000 yr), 
this rate would produce between 7.5x107 and 37x 
10^? cm? STP?He р’. Obviously, the depth and age are impor- 
tant unknowns in this calculation, but the 614 neutron mechan- 
ism alone could readily account for the observed *He concentra- 
tions (—1x107'? cm? ?He g^!) even if the Li content were a 
factor of two lower. 

The spallation production rate for ?He can be calculated using 
the estimates of Yokoyama et al?! for tritium. Assuming that 
the ?He/tritium production ratio is ~1 (ref. 22), and scaling to 
the atmospheric depth and geomagnetic latitude of Haleakala, 
the ^He production rate at the surface is —1,100 atoms р! уг”, 
Assuming an attenuation scale of 180 g cm"? (M.D.K. et al, in 
preparation), the production rate at 50 cm would be 630 atoms 
g ‘yr’ (using a density of 2g cm ?). These estimates would 
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Table2 Stepwise heating experiments 
Temperature Fraction of Fraction of 3He/*He 
Sample (°C) 3He (cm? STP) total ?He ^He (cm? STP) total “He (R/R,) 
HS85-3 
Olivine powder (550) 1.7 x 107? 0.613 1.18x 1071? 0.358 14412 
e (018146) 850 5.65 x 107!4 0.296 1.56x 107"! 0.047 2,600 +235 
1,000 1.09 x 107^ 0.057 1.98 x107" 0.060 400+31 
1,170 3.50 x 1075 0.018 6.45x 107"! 0.195 3942 
1,350 2.33 х 1075 0.012 9.66 x 1071! 0.293 172 
1,750 6.99 x 10786 0.004 1.56x107!! 0.047 3243 
Total 1.91 x 10-4 3.30x 1077? : 418 
1.05 x 10712* 1.82 x 107?* 
1-2 mm olivine 850 6.90 x 10714 0.409 1.83 x 107? 0.103 27243 
(0.1233 g) 1,350 7.64х 107! 0.453 7.47 х 10710 0.420 73.943 
1,350 9.00 x 10755 0.053 2.29x107!9 0.129 284:1.0 
1,350 1.83 x 10715 0.011 4.90x 107"! 0.027 27+2.5 
1,750 1.24х 107 0.074 5.72 х 1070 0.321 15.6+3 
Total 1.69 x 107? 1.78x 10? 684. 
1.37 x 10712* 1.44x 107° 
Clinopyroxene powder (550) 735x104 0.344 2.71 x 10719 0.368 20242 
(0.1821 g) 850 1.39 x 107? 0.617 1.55x 10719 0.206 6493-7 
850 3.58 x 1075 0.016 2.76x 107"! 0.037 94+7 
1,700 5.15х 10715 0.023 2.94 x 1071? 0.390 127 x04 
Total 2.25 x 107! 7.54x 1019 215 
123x10 ?* 4.137 x 107?* 
Matrix (200) 1.07 x 1078 0.014 8.87x 107"! 0.044 8.7+1.0 
(0.1207 g) (300) 3.57 x 1071+ 0.482 1.07 x 107? 0.534 24.1403 
(500) 3.42х107% 0.461 7.85 x 10719 0.391 31.5+0.4 
900 2.07x 1078 0.028 325x107! 0.016 46-3 
1,250 1.09 x 1075 0.015 2.92x107!! 0.015 2744 
Total 7.41x 1074 2.00 x 107° 26.7 
6.14x 1973 * 1.66 x 107° 
H85-10 
Olivine powder 850 1.23 x 10745 0.160 5.52x 10719 0.486 1.615: 0.21 
(0.2128 g) 1,150 9.41 x 107!6 0.122 1.01 x 1079 0.089 6.7410 
1,350 4.54х 1075 0.591 3.96 x 107'° 0.349 83203 
1,750 9.75x 10716 0.127 8.68 x 107}? 0.076 8.11.5 
Total 7.69x 107% 1.14x 107? 4.89 
3.62x1071^* 534x10^?* 


Temperatures estimated by optical pyrometry; those in parentheses are estimated to be uncertain by 75 °C; all others uncertain by 30 C. Each 
temperature step has been corrected for blank “Не of 5.2+0.2 х 107"! cm? STP and ?He of 7.0x 107" cm? STP. 


* cm? STP g~. 


correspond to 1.1 x 107-2.0 x 107"! cm? STP?He g^! produced 
in 500,000 yr, which is significantly greater than both the Li 
production rate and the observed excess ?He. Using the calcula- 
tion method of Reedy and Arnold? yields a slightly lower 
production rate, but is within the uncertainties inherent in the 
elemental excitation functions and cosmic-ray energy spectrum 
(details will be given elsewhere). 

The other production mechanisms are relatively unimportant 
for the upper several metres of basalt. The maximum production 
rate from muon capture processes (see ref. 5) can be estimated 
by taking the total muon stopping rate”, and assuming that the 
total number of Li atoms reacting is [№ ;/ N44]; this mechanism 
is too low (by a factor of ~10°) to be relevant. Takagi? has 
estimated the rates for muon-induced photonuclear processes. 
Using his ?He production rate, and a muon flux of 0.01 cm? 
s^! (ref. 25), photonuclear processes are also unimportant to the 
present situation. 

Based on these estimates, spallation is the dominant mechan- 
ism of cosmogenic ?He production, although a preliminary 
report of this work attributed it to the 414 reaction*. There are 
several important uncertainties in applying these production 
rates to sample HS85-3. Both the age and the sampling depth 
are only known approximately, which can clearly have a large 


effect. Also, erosion may have affected the top of the lava flow. 
The thickness of this lava flow where it was sampled (1.5 m) is 
quite similar to the thickness at horizons that were later buried$, 
suggesting that erosion has been less than several metres, pre- 
sumably because of effective drainage near the summit; low 
erosion rates are also indicated by the presence of intact cinder 
cones of Kula age. More quantitative discussion of these vari- 
ables awaits more detailed sampling. Nevertheless, the produc- 
tion rate calculations conclusively show that cosmogenic helium 
can easily account for the observed excess ?He. 

An additional uncertainty relates to the retention of the cos- 
mogenic helium. The stepwise heating of the phenocrysts 
released significantly more ?He than did heating of the basalt 
matrix. However, the matrix is clearly more susceptible to loss 
mechanisms because of the smaller grain size of roughly 50 рт, 
relative to the size of the phenocrysts, which are of the order 
of several millimetres. For example, if the cosmogenic produc- 
tion rate in the matrix has been similar to that in the phenocrysts, 
~40% has been lost from the matrix. Note also that olivine and 
clinopyroxene phenocrysts from sample HS85-3 contain roughly 
the same quantity of cosmogenic Не (—1.1x 10? cm? STP 
g`"; Table 1). This could be explained by the fact that production 
by spallation is only weakly dependent on composition, with 
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virtually all ?He produced by the major-element targets in the 
rock (that is, O, Si, Mg, Al). If the SLi reaction were the major 
production mechanism, this uniformity would require that either 
clinopyroxene and olivine contained equal concentrations of 
Li, or all the cosmogenic ?He ín the phenocrysts was implanted 
(as tritidm) by the °Li(n, a)T reactions in the matrix. 

Extremely high ?He/^He ratios in Kula formation basalt are 
probably the result of cosmogenic helium, rather than primordial 
trapped helium", Cosmic-ray production rates, exposure ages, 
and stepwise-heating helium release patterns discussed here are 
all consistent with this hypothesis. Furthermore, the extremely 
high ?He/*He ratios are not observed in two 'shielded' sampies 
of the same age, or in a historic lava flow (Table 1). A consistent 
stratigraphical ?He/^He trend for Haleakala has been docu- 
mented?é that strongly supports the notion that the surface 
sample contains cosmogenic helium. A more extensive series of 
samples, spanning the entire range of available ages from 
Haleakala, yield systematic variability with volcano evolution”®; 
all the shielded Hana and Kula series samples have ?He/^He 
ratios indistinguishable from MORB (8 R,). 

Cosmogenic helium has been neglected previously, and is 
clearly important for interpreting helium isotopic results from 
rock samples that have remained near the surface for long 
periods of time. In order for cosmogenic helium to be significant, 
the surface exposure time must be long enough and the initial 
trapped helium content must be low, factors that must be care- 
fully considered before high *He/*He ratios are attributed to 
*primordial' helium. Because the cosmogenic ?He/^He ratio is 
so high, a very small contribution can greatly elevate the 
measured ?He/^He ratio. If some of the uncertainties regarding 
?He production rates and potential loss mechanisms can be 
resolved, several important geophysical applications will be 
possible. Cosmogenic nuclides could be used to study ancient 
cosmic-ray fluxes, terrestrial erosion rates (see refs 27, 28) and 
possibly exposure ages for terrestrial lava flows. 

A result that also has important implications for helium 
isotope studies is the internal isotopic heterogeneity within 
olivine and clinopyroxene mineral separates. Although it has 
generally been assumed that phenocrysts in basaltic lavas reflect 
the helium isotopic composition of the host magma", the results 
reported here suggest that this is not necessarily true for older 
samples, even if cosmogenic helium is absent. Radiogenic 
helium will tend to lower the *He/*He ratios obtained by total 
fusion. The combination of crushing in vacuum and stepwise 
heating techniques provide a valuable experimental protocol for 
addressing this problem. 
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High-resolution bathymetric surveys'? of the East Pacific Rise 
(EPR) reveal that in addition to overlapping spreading centres 
(OSCs), the crest of the EPR is offset tiny amounts by smaller 
features. Recently, Langmuir et al. have shown that despite their 
subtle bathymetric expression, these small offsets, bends and kinks 
of the EPR, collectively termed deviations from axial linearity 
(devals), represent important petrological and tectonic boundaries. 
Some devals are small non-overlapping offsets (SNOOs) that offset 
the EPR axis by up to a few hundred metres. Bathymetric contours 
near SNOOs are usually disturbed from their axis-parallel trend 
in ways that we interpret as evidence for strike-slip faulting and 
volcanism at high angles to the trend of EPR axis. We offer a 
model for the formation of SNOOSs and their associated faults 
that invokes independent magma supply, stochastic active spread- 
ing and limited non-rigid behaviour of the neovolcanic zone. 
Macdonald et al! and Lonsdale? mapped OSCs at the EPR 
and recognized that bends, kinks and small offsets occur along 
the EPR axis. Langmuir et al? called attention to these smaller 
features, or devals, because in some cases they represent impor- 
tant petrological boundaries which, along with transform faults 
and OSCs, define the fundamental petrological and tectonic 
segmentation of the EPR. Small non-overlapping offsets 
(SNOOs) are devals which exhibit tiny (up to several hundred 
metres) lateral offsets of the EPR axis. Unlike OSCs, SNOOs 
exhibit no overlap. Previously unrecognized is the fact that near 
SNOOs, axis-parallel depth contours are commonly deflected 
to be perpendicular, or nearly so, to the EPR axis. We interpret 
these ridge-normal contour patterns as evidence for strike-slip 
faults and associated volcanism in the vicinity of SNOOs. 
Figure 1 shows an example of a SNOO of the EPR near 
13°45' М mapped by Macdonald et al.'. It is a tiny offset of the 
EPR that occurs at a local bathymetric low point along the axis. 
On the south-west side of the SNOO, depth contours swing to 
the west and are nearly perpendicular to the ridge for several 
hundred metres away from the ridge crest. Other examples of 
SNOOs along the EPR can be seen in the published maps of 
Macdonald et al.’ at 8°42’, 9°00’, 9°02’, 9°04’, 9°06’, 10°20’, 10°31’, 
10°42’, 11°16’, 11°45’, 11°58’, 12210, 12217, 12°27’, 12°34", 12°36", 
12539" 12°50’, 13°46’, 13°47’, 13°57’, and 14°12’. Lonsdale? shows 
one at 3°48’ N and another possible example is present at the 
Galapagos spreading centre at 86°05’ W°. Particularly good 
examples, also known to be petrologieal boundaries’, are at 
11°16’, 12?10', 12°17’, 129227” and 13°47’ (Fig. 1). These features 
are commonly: (1) tiny offsets of the ridge axis; (2) located at 
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Fig. 1 Seabeam bathymetry (contour interval 20 m) from ref. 1 
showing a small non-overlapping offset (SNOO) at 13°45’ N. Note 
that on the west side of the ridge axis, depth contours veer away 
and become nearly perpendicular to the ridge. Although subtle 
bathymetric features like this are found along the ridge at many 
localities, they are a characterisic feature of SNOOs. 
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Fig. 2 Schematic drawing of SNOOs showing our interpretation 
of the subtle bathymetric disturbances that occur near them. In a, 
the model depth contours (1-5 m contour interval) define a strike- 
slip fault, expected to have only subtle bathymetric expression. In 
b, the bathymetric expression of the buried strike-slip fault is 
accentuated by the formation of a volcanic ridge. Both types of 
SNOO сап be seen along ће EPR!. See text for discussion 


a bathymetric low point along the axis; and (3) associated with 
disturbed, ridge-normal depth contours usually on only one side 
of the ridge. As shown in Fig.2, we interpret the disturbed 
contours to represent ridge-normal strike-slip faults and volcanic 
ridges that, in some cases, bury them. Small submarine strike-slip 
featues without dip-slip movement or volcanism should have 
only subtle bathymetric expression. 

To explain the occurrence of SNOOs and their off-axis distur- 
bed zones (presumed strike-slip faults) we offer a simple model 
for possible ridge crest behaviour that results in the formation 
of new SNOOs along previously continuous ridge crest seg- 
ments. Since SNOOs can be major petrological boundaries, their 
origin may be linked to magma supply processes'?. Con- 
sequently, in our model we assume that the EPR is supplied by 
discrete magma systems along its length, for which there is a 
great deal of independent evidence'***, We also assume that 
spreading is stochastic. This means that each distinct tectonic 
and volcanic process associated with plate separation, such as 
fissuring, extensional normal faulting, dyke injection and deeper 
magma intrusion is episodic and its rate of occurrence is nor- 
mally distributed about a mean value’. It is not yet known to 
what extent these distinct tectonic and volcanic processes are 
correlated, periodic or causally related'®'®, hence our model is 
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quite generalized. Finally, we assume that dyke injection or 
other intrusive processes cause lateral stresses near the surface!’ 
sufficient to deform the upper parts of the crust. That is, we 
assume a causal relationship between igneous and tectonic com- 
ponents of spreading. This is speculative, but it is known that 
intrusion and surface deformation are correlated in some active 
volcanic rift zones???!, 

According to this model, we view the spreading behaviour of 
adjacent but independently supplied ridge segments as uncorre- 
lated. If a segment actively spreads while adjoining segments 
do not, offsets between segments will be created in the weak 
neovolcanic zone. These offsets behave as small ephemeral 
transform faults except that non-rigid plate deformation is 
required, which results in relative motion and strike-slip defor- 
mation outside the axial rift zone. Consider an initially straight 
ridge segment as in Fig. 3. Each independently supplied segment 
has an instantaneous spreading rate S, given by 


5-5, +0 А (1) 


where i — 1,2 for the two segments, 5; and о; are the mean and 
standard deviation of the spreading rate distribution and X is 
a standardized normal variable, a random variable with zero 
mean and unit variance. For simplicity, we assume that the mean 
spreading rate and standard deviation of each segment are equal 
(Fig. 3). The instantaneous spreading rate is simply equal to the 
mean rate plus (or minus) a randomly varying amount. Since 
each ridge segment selects instantaneous spreading rates epi- 
sodically (with characteristic time 7) from a distinct, albeit 
identical, gaussian distribution, offsets between adjoining ridge 
segments will statistically appear and disappear if the model 
assumptions are met. The lengthening of these offsets is itself 
stochastic: 


5,-5,-(5,- 8) t (o^ + 032) Х (2) 
which can be rewritten 
-(5-5)-оХх (3) 
where 
a? - (e*t os?) (4) 


Next, we use a random walk model??? to consider the distribu- 
tion of offset lengths after time t. This is: 


germ 
P(x)= prom (5) 
where 
ов — суті (6) 


is the standard deviation of the distribution of offset lengths at 
time t > т. The probability of finding an offset larger than L at 
time t is the integral of this distribution: 


Р(х> L) -2|]? P(x) dx (7) 


EE 


Figure 4 shows the probability of occurrence of offsets of various . 
lengths for different values of съ. For the EPR, if we choose a 

mean spreading rate of 640.7 cm yr! and т = 10* yr, then og 

is 316 m for t — 10 yr. In this example, offsets on the order of 
300 m would be expected to develop during a period over which 

about 6 km of total spreading occurred. Other values may be 

chosen, since actual values of с and т for the EPR are not 

known; however, the values chosen in this example do not seem 

unreasonable. This model thus shows that observed offsets at 

SNOOs (~10? m in length) can be accunted for by the sort of 
model we propose. 


e 77 dx (8) 
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Fig.3 Illustration of our proposed model for the origin of SNOO 
and ridge-normal structures. At time 1— 0, the initially straight 
ridge segment is fed by two independent feeders and the ridge 
portions associated with each feeder spread at instantaneous rates 
of S, and 5; respectively. The mean spreading rates (5, and 6.) 
and the normally-distributed standard deviations from the mean 
(о; and o2) are equal. In these idealized conditions, offsets will 
develop by deformation of the weak zone near the ridge axis due 
to tiny stochastic differences in S, and S, that accumulate after a 
time interval t. Although the mean and standard deviation of 
instantaneous spreading are the same for both ridges, the random 
component is selected from distinct, albeit identical, distributions. 
In this example we assume that spreading of segment 2 is fully 
asymmetric (east flanks weaker than west flank). If symmetric 
spreading occurred (cast and west ridge flanks equally strong) no 
offset would develop, but strike-slip deformation would occur on 
both flanks. 
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Fig. 4 Plot of expected offset length between two independently- 
fed ridge segments (log, offset length in metres) versus the proba- 
bility that it will be observed for several values of Og. Ср is а 
function of the standard deviation of the mean spreading rate, the 
duration of spreading (ft) and т, the characteristic time of the 
spreading process. Offsets of several hundred metres can develop 
for 12 105 yr and reasonable choices of the other variables. See 
text for discussion. 


As shown in Fig.3, an episodic increment of spreading 
(intrusion and extension) at a ridge segment while the adjoining 
segment is quiet can be accommodated in two extreme ways. If 
both flanks of the rift are equally strong, the relative motion 
between two adjoining segments could be taken up by strike-slip 
deformaion of both flanks. In this case, no offset between the 
ridge segments would be created. On the other hand, if one 
flank is weaker than the other because of local heterogeneity or 
some other reason, the necessary strike-slip deformation could 
be confined to one flank. Such behaviour could result in asym- 
metric spreading as in zero-offset transform faults‘. 

According to our model, SNOOs are newly created as a direct 
consequence of independent magma supply systems along the 
EPR. In this regard, our model can be viewed as an extension 
of the model proposed by Macdonald et al! for the behaviour 
of the EPR. The model has several predictions that can be tested 
when sufficient data of high resolution are available. 
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For example, the sea floor in the vicinity of SNOOs should 
exhibit evidence of strike-slip faulting and/or volcanic eruption 
along ridge-normal conduits. If evidence of SNOOs and their 
associated faults is preserved on older ocean floor away from 
the axis, their distribution could be used to infer the past 
geometry of magma feeders at the EPR and their temporal 
stability. а 
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Long-term variations in the effective moisture of deserts are linked 
both to glacial-interglacial climatic cycles and, through the 
Milankovitch theory, to orbitally induced changes in solar radi- 
ation intensity’, For southwestern North America, comparison 
of palaeobotanical data with model predictions of palaeoclimate 
reveals two distinct pluvial regimes during the late Wisconsin and 
early Holocene (23-8 kyr BP). Southward displacement of the 
Aleutian low-pressure centre and strengthened westerlies from 
~40° to 30° N were important features of the full-glacial (~ 18 kyr 
BP) pluvial maximum. Increased cyclonic storms and weakened 
monsoons led to a winter precipitation regime, a feature seen both 
in the fossil record?^ and climate models^?. Dominantly zonal 
flow during this period contrasts with the latest Wisconsin and 
early Holocene (12-8 kyr BP), when meridional circulation trans- 
ported maritime tropical air into the desert interior. We now show 
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that plant macrofossil assemblages from packrat (Neotoma spp-) 
middens? in the Mojave Desert provide evidence for increased 
températures and summer rainfall during this period!?7?, The 
anomalously late persistence (to —8 kyr BP) of woodland in low- 
latitude, low-elevation deserts of the south-west'? is attributed to 
enhanced monsoonal circulation’. 

: North America’s deserts range from the high-latitude steppe 
of tlie Great Basin to the subtropical scrub of the Sonoran Desert 
(Fig. 1). Precipitation seasonality varies: the Great Basin and 
Mojave Deserts receive <25% of annual precipitation during 
the summer, whereas the Sonoran Desert has a distinct summer 
monsoon which accounts for 40-60% of annual precipita- 
tion!^'^, During the full glacial the. Sonoran Desert supported 
widespread woodland characterized by pygmy conifers (Pinus 
monophylla, Juniperus spp.), live oaks (Quercus turbinella, Q. 
dunnii) and succulents (Agavaceae, Сайасеае). The composi- 
tion of diverse woodland communities in ‘Sonoran Desert 
lowlands, and their location more than 600 m below current 
woodland on nearby mountains, indicates increased annual 
precipitation (perhaps double today’s amounts), reduced 
summer temperatures and mild winters?*. E $ 

North of ~36° N, woodland also occurred far below its current 


lower altitudinal limit. However, these full-glacial communities ' 


did not support the diversity of trees and succulents found 
farther south. Five low-elevation («1,200 m), full-glacial 
Sonoran Desert middens!9"" provide records of 7 tree species, 
14 succulents and 2 steppe shrubs. In contrast, nine low-eleva- 
tion Mojave Desert sites!^!^ yield only 3 tree species and 6 
succulents, but 8 steppe shrub: taxa, indicating an effectively 
drier palaeoclimate. Indeed, the full-glacial Mojave Desert was 
sufficiently dry to support desert vegetation below 1,000 m eleva- 
tion *'?. Zoned above desert scrub, xerophytic juniper woodland 
ranged to 1,800 m. Subalpiné woodland occurred at higher eleva- 
tions, dominated by, cold-tolerant xerophytic conifers, limber 
pine (Pinus flexilis) апі bristlecone. pine (P. longaeva} ®™”. 
Steppe shrubs were widespread not only in desert vegetation, 
but also in low-elevation and subalpine woodlands$. . 


1 
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Fig.1 The Sonoran, Mojave and southern 
Great Basin Deserts of North America. Solid 
lines indicate the 2,000-m contour interval; 
topography above 3,000 m is shaded. Packrat 
midden records from below 1,200 m elevation 
dating from 12 to 8 kyr BP are of desert scrub 
(open circles) and woodland (closed circles). 
Other localities mentioned in the text are: A, 
Grand Canyon; B, Skeleton Hills and Point of 
Rocks; C, Eleana Range; D, Amargosa Desert. 
Inset shows the grid points (+) in the Com- 
munity Climate Model from which area 
averages were derived for the south-west 
(Fig. 2). 
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Fig. 2 Area averages for five land-surface grid points representing 
southwestern North America (Fig. 1) in the Community Climate 
Model, programmed for boundary conditions at 3-kyr intervals 
from 18 to 9 kyr BP. The zero value (horizontal line) in each case 
represents the result of the control experiment for modern condi- 
tions. Model results for temperature (T), precipitation minus 
evaporation (P — E), and precipitation (Р) are expressed in terms 
of deviations (A) for simulations of January (x), July (+) and 
average arinual (A) conditions. Circled symbols represent sig- 
nificant differences from the control result at the 95% level (two- 
sided t-test). ` 4 1 
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Mojave Desert macrofossil assemblages reflect a glacial cli- 
mate distinct from that of the Sonoran Desert. The absence of 
thermophiles suggests a decline in annual temperatures of >6 °C 
(ref. 10), contrasting with an estimated decline of «4*C for the 
Sonoran Desert'5. Full-glacial desert scrub and the xerophytic 
nature of Mojavean woodland accord with a ‘pluvial’ climate 
characterized by an increase in annual precipitation of not more 
than 40%'0.12, A survey of potential pluvial lake basins in 
Nevada confirms comparatively dry conditions; many closed 
valleys in the southern Great Basin have no shoreline features”. 

The mean position of the winter storm track, now north of 
42° N (ref. 23), was shifted south during the full glacial, account- 
ing for pluvial climatic conditions in the south-west>-’. Simula- 
tions using the US National Center for Atmospheric Research 
Community Climate Model (CCM) replicate this circulation 
feature*"*, Mesoscale heterogeneity is smoothed by area 
averages for the south-west (Fig. 2), but these show significant 
reductions in July precipitation and increases in J anuary precipi- 
tation. The transition to relatively dry conditions north of 36° N 
was topographically controlled. The Sierra Nevada mountain 
range, reaching altitudes 73,000 m north of 36° N (Fig. 1), is a 
barrier to westerly airflow. In its lee, conditions were relatively 
dry, while a pronounced pluvial occurred south of 36? N. Such 
regional variation of palaeoclimate calls into question any single 
Teconstruction put forward to account for palaeophenomena of 
this subcontinental-scale region. 
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Fig. З Relative abundance of selected plant 
macrofossils from radiocarbon-dated assem- 
blages collected at three packrat midden sites 
in the northern Mojave Desert. a, Skeleton 
Hills; b, Point of Rocks; c, Eleana Range. 
Macrofossil abundance expressed as percen- 
tages of the total number of identified speci- 
mens minus the number of specimens of the 
dominant taxon (NISP— DT). Dashed lines 
` separate the youngest macrofossil assemblages 
atthe Eleana Range-2 and Skeleton Hills-2 sites 
from the modern control samples collected at 
those sites. Note changes in the time scale 
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Decreasing effective moisture is evident by ~15 kyr BP in the 
pluvial lake???" and packrat midden record". This late glacial 
climatic change accentuated regional vegetation differences. 
Between 10 and 8 kyr BP woodland persisted in the Sonoran 
Desert? but had retreated from most low-elevation sites in the 
Mojave Desert”, a marked anomaly considering that, 2-49 
farther south, woodland occurred more than 400 m lower in 
elevation (Fig. 1). Where desertification might be expected ear- 
liest, at low elevations and latitudes in the Sonoran Desert, one 
finds instead the persistence of woodland long after its demise 
to the north. The distribution of low-elevation woodland from 
~12-8 kyr BP (Fig. 1) is congruent with the present pattern of 
summer rainfall dominance in the south-west??? 

Simulations of early Holocene climate**° and field evidence 
from Africa and India??!-5 indicate strengthened monsoons at 
subtropical latitudes. In light of these studies and the following 
data, we propose that post-glacial woodland persistence in the 
Sonoran Desert was due to intensified monsoonal precipitation. 
Strengthened monsoons should be reflected in the fossil record 
from the summer-dry northern Mojave Desert by increases in 
succulents and grasses (Poaceae), plants that today are impor- 
tant in areas which receive high proportions of summer rains. 
Steppe shrubs, typical of winter-rainfall regimes, are expected 
to be abundant when winter rains dominate. 

Assemblages from the Point of Rocks-3 (PR-3) and Eleana 
Range-2 (ER-2) sites record palaeovegetation in distinctly 
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different habitats from ~17.5 to 10 kyr BP. PR-3 at 930 m eleva- 
tion supports xerophytic Mojave Desert scrub, while ER-2 at 
1,800 m is at the lower limit of modern woodland. During the 
full glacial ER-2 supported limber pine and steppe shrubs, while 
vegetation at PR-3 was dominated by steppe shrubs alone!™!2, 
Increasing woodland thermophiles at ER-2 after ~15 kyr BP 
(Fig.3) is consistent with CCM-simulated increases in July 
temperature (Fig. 2). Steppe shrubs decline between 14 and 
12 kyr BP (Fig. 3). Samples dating from ~12-10 kyr BP contain 
abundant succulents and, at the PR-3 site, grasses, indicating 
summer precipitation. At Skeleton Hills-2, a site similar to PR-3, 
succulents are important only in samples dated at ~10 kyr BP, 
suggesting that intensified summer rains ended shortly thereafter 
(Fig. 3). Steppe shrubs in the modern sample properly reflect 
winter seasonality of precipitation. Figure 4 summarizes 
macrofossil data from an intermontane valley in the northern 
Mojave Desert. Changes in steppe shrub, succulent and grass 
abundance are those expected from full-glacial winter precipita- 
tion dominance, followed by latest Wisconsin and early 
Holocene summer rainfall dominance. 

CCM area averages (Fig. 2) show substantial relative increases 
in July precipitation during the latest Wisconsin and early 
Holocene, consistent with fossil data from the Mojave Desert 
and the Grand Canyon, and attributed to increased summer 
insolation. The last solar radiation maximum during northern- 
latitude summer occurred between 11 and 9 kyr вр?°. Enhanced 
monsoons also explain the persistence of woodiand in the 
Sonoran Desert, closest to sources of maritime tropical moisture 
in the Gulf of Mexico and Pacific Ocean. Absence of summer- 
rain-dependent Sonoran Desert perennials has led to the asser- 
tion that monsoons were unimportant at this time”. Most 
Sonoran taxa are frost-sensitive and a CCM area-averaged 
January temperature for 12 kyr BP is ~2.4 °C below that of the 
control. The end of this period of relatively cold winter tem- 
peratures occurred by ~9 kyr BP (Fig.2), when desert ther- 
mophiles began to increase (Figs 3, 4). 

In conclusion, the deserts of southwestern North America lie 
at higher latitudes, and were in closer proximity to continental 
ice sheets than those of North Africa and India. Southward 
deflection of the Pacific westerlies led to a full-glacial pluvial 
climate. Topographic modulation of airflow created distinct 
subregional climates. South of the Sierra Nevada, precipitation 
was greatly enhanced during the full glacial, while in its lee, 
conditions were drier. Full-glacial CCM area averages do not 
simulate a decline in July temperature appreciably greater than 
that for January temperature (Fig.2), a failure to replicate 
conditions called for in reconstructions stressing increased equa- 
bility??5, This is consistent with recent studies indicating sub- 
stantial lowering of both January and July temperatures!??, 


Grasses 


NATURE VOL. 320 3 APRIL 1986 





Fig. 4 Averaged relative abundance of selec- 
ted plant types from macrofossil assemblages 
atsites below 1,200 m elevation in the Amargosa 
Desert, an intermontane valley in the northern 
Mojave Desert (Fig.1). All packrat midden 
samples of an age within 1 kyr of the specified 
age class are considered in averages for that 
class. Number of sites, with number of samples 
in parentheses: 18 kyr, 4(6); 15 kyr, 2(3); 12 kyr, 
2(5); 10 Куг, 8(14); 9 Куг, 5(12); 8 Куг, 1(3); 
0 kyr, 9(9). 
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Annual P — E (precipitation minus evaporation) simulations for 
the full glacial approximate modern values (Fig. 2), and conflict 
with most data indicating increased effective moisture 
throughout the south-west. This may indicate a deficiency in 
the model, although results are sensitive to choice of representa- 
tive grid points. Enhanced monsoons between ~12 and ~9 kyr 
BP had greatest impact in the Sonoran Desert, explaining 
delayed desertification there by the overlap of two distinct 
pluvial episodes. The first, associated with full-glacial climate 
dynamics, was characterized by lowered temperatures and 
enhanced winter rainfall. The second, induced by changes in 
seasonal insolation, was characterized by annual temperatures 
near the modern mean and enhanced monsoons. 
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Cell-cell interactions are of critical importance during neural 
development, particularly since the migration of neural cells and 
the establishment of functional interactions between growing axons 
and their target cells"? has been suggested to depend upon cell 
recognition processes, Neurone—neurone adhesion has been well 
studied in vitro, and is mediated in part by the neural cel] adhesion 
molecule N-CAM?", N-CAM-mediated cell-cell adhesion has 
been postulated to occur by a homophilic binding mechanism?, in 
which N-CAM on the surface of one cell binds to N-CAM on a 
neighbouring cell. Stüdies in our laboratory have identified a cell 
surface glycoprotein, now known to be N-CAM?, which participates 
in cell-substratum interactions in the developing chicken nervous 
system'*'?, Although this adhesion involves a homophilic binding 
mechanism, the binding of the cell surface proteoglycan heparan 
sulphate to the glycoprotein is also required". This raises the 
question of whether the binding of heparan sulphate to N-CAM 
is also required for cell-cell adhesion. Here we show that the 
binding of retinal probe cells to retinal cell monolayers is inhibited 
by heparin, a functional analogue of heparan sulphate, but not by 
chondroitin sulphate. Monoclonal antibodies that recognize two 
different domains on N-CAM, the homophilic-binding and 
heparin-binding domains, inhibit cell-cell adhesion. The heparin- 
binding domain isolated from N-CAM by selective proteolysis 
also inhibits cell-cell adhesion when bound to the probe cells. 

The role of the heparin-binding domain of N-CAM in cell-cell 
adhesion was examined by measuring the binding of *S- 
methionine-labelled probe cells to monolayers of retinal cells, 
as described by Gottlieb et al'*. This assay system was selected 
as we find it gives more reproducible results than the cell 
aggregation assay. Embryonic day 11 retinal cells added to glass 
mini-vials derivatized with 3-aminopropyltriethoxysilane form 
dense retinal cell monolayers and the rate of adhesion of 355. 
methionine-labelled retinal probe cells to this layer can be 
quantitated. Labelled embryonic day 11 retinal probe cells 
adhere to the monolayers in a time-dependent manner, with 
approximately 70% binding after 1 h (Fig. 1). 

To examine the effect of heparin (heparan sulphate) on cell- 


Table 1 Inhibition of cell-cell adhesion by heparin 


Probe cells Inhibition 

Treatment bound (96) (26) 

Control 63.5+3.7 (6) — 
Chondroitin | 100 pg mi 62.0+2.6 (5) 2.4 

sulphate 200 ug ml! 64.12 59 (2) 0 

Heparin 50 ug mI! 51.93: 0.6 (2) 19.3 
100 pg mI! 37.0: 2.7 (5) 41.7 
200 pg mI! 22.0: 5.4 (3) 65.4 


Cell-cell adhesion assays were conducted as described in Fig.1 
legend. *°S-methionine-labelled retinal probe cells were incubated for 
1hat 37 *C with monolayers of retinal cells. The assay medium contained 
various concentrations of glycosaminoglycans as indicated. After incu- 
bation of labelled cells with monolayers, the assay medium was aspir- 
ated, cells were solubilized in 196 Triton X-100, and radioactivity quanti- 
tated by liquid scintillation counting. Data are expressed as mean + s.d. 
For each experiment duplicate vials were assayed, and the number of 
independent experiments conducted is indicated in parentheses. 
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Retinal probe cells bound (96) 





Time (min) 


Fig. 1 Adhesion of metabolicaily labelled retinal probe cells to 
retinal cell monolayers. Open circles show the binding of untreated 
control cells to retinal cell monolayers. The labelled retinal cells 
bind to the monolayers in a time-dependent maaner. Closed circles 
represent cell to cell adhesion in the presence of 100 pg ml ' 
chondroitin sulphate (Sigma, grade III mixed isomers), indicaung 
that cell adhesion is not affected by chondroitin sulphate. Closed 
squares show the adhesion of retinal cells in the presence of 160 jig 
пі”! heparin (Sigma, No. Н-3125). Adhesion is inhibited approxi- 
mately 4095 by heparin at all time points, and suggests that the 
inhibitory activity of heparin is specific. 

Methods. Embryonic day 11 chicken retinas were dissociated by 
incubation for 15min at 37°C in 0.05% trypsin in calcium- 
magnesium-free Hank’s solution. The cells were then triturated 
with a fire-polished Pasteur pipette and incubated overnight in 
Dulbecco's minimal essential medium containing 15% horse serum 
to allow recovery of cell surface proteins. Glass mini-vials (1.7 cm 
surface area) were then derivatized with 3-aminopropy itriethox; - 
silane!?? and 3 x 10° recovered retinal cells were added to each 
vial'^. Cells were coupled to the derivatized surface bv centrifuga- 
tion at 600g for 5 min, and the vials were then incubated at 37 *C 
for at least 1h. Throughout the assay the retinal cells were 
maintained in Earle's balanced salts solution containing 0.2? 
albumin. To assay cell adhesion, mechanically dissociated embry- 
onic day 11 retinal cells were pulse-labelled for 1-2 h with 10 pC: 
of *°S-methionine (translation grade, NEN) and approximately 
2x10? cells (0.25 c.p.m. per cell) were added to each vial. Vials 
were then incubated at 37 °С on a gyratory shaker (100 r.p.m ). At 
the indicated times, the assay medium was aspirated and cell 
adhesion to the monolayer was quantitated by dissolving the cell 
in 196 Triton X-100, followed by liquid scintillation counting. To 
assess the effect of chondroitin sulphate or heparin on cell-cell 
adhesion, assays were conducted with 100 pg ml^' of the gly- 

cosaminoglycan present in the assay medium. 


cell adhesion, cell adhesion assays were conducted in the 
presence of various concentrations of heparin or chondroitin 
sulphate. Heparin, a functional analogue of heparan sulphate, 
was used in these assays because it is more readilv available 
from commercial suppliers. We have shown previously that 
cell-substratum adhesion is inhibited with similar efficacy by 
both heparin and the physiologically relevant ligand heparan 
sulphate. Chondroitin sulphate was used as a control to rule 
out any nonspecific inhibition resulting from the charge charac- 
teristics of the glycosaminoglycan. 

Cell-cell adhesion is not affected by chondroitin sulphate 
(100 pg ml), but is partially inhibited by a similar concentra- 
tion of heparin (Fig. 1). The effect of various concentrations of 
the glycosaminoglycans on cell-cell adhesion is summarized in 
Table 1. This adhesion occurred at rates equivalent to control 
cultures at all concentrations of chondroitin sulphate tested. 
Increasing concentrations of heparin showed a concentration- 
dependent inhibition of cell-cell adhesion (Table 1). Only slight 
(2096) inhibition of cell to cell adhesion was observed with 
50 ug mI! of heparin, even though this concentration abolishes 
retinal cell attachment to N-CAM linked to a substrate", 
perhaps because a high quantity of cells was used in the cell-cell 
adhesion assay and 50 pg ml™ of heparin may not be sufficient 








Table2 Inhibition of cell-cell adhesion by anti-N-CAM monoclonal 
antibodies and heparin-binding domain of N-CAM 





Probe cells Inhibition 

Treatment bound (%) (%) 

Control 62.3 +5.1 (3) — 

e 25K heparin-binding 

N-CAM fragment 42.3 + 4.4 (5) 32.1 
СІН; monoclonal 20.2 +6.6 (3) 67.6 
B,A; monoclonal in assay 18.4+2.9 (2) 70.5 
B,A; monoclonal, washed 29.8 2.6 (2) $2.2 


eee 

Cell-cell adhesion assays were conducted as described previously. 
To assess the effect of heparin-binding domain on cell-cell adhesion, 
aliquots of 7°S-methionine-labelled probe cells were incubated for 1h 
at 4°C with 50 pg mi of the heparin-binding domain. The domain 
was isolated by digesting immunopurified N-CAM with a 1:50 enzyme 
to substrate ratio of subtilisin protease?. The digested protein was then 
incubated with heparin-agarose, and the heparin-binding domain was 
eluted with 1 M NaCl’. Following incubation of the labelled probe cells 
with the domain, the cells were added to derivatized vials coated with 
retinal cells. The effect of anti-N-CAM monoclonals on cell-cell 
adhesion was determined by incubating the retinal cell monolayers with 
0.5 mg ml"! of В,А, Fab fragments or C,H, monoclonal antibody for 
ih. The monolayers were then washed and labelled probe cells were 
added. Previous studies have also shown that B,A, Fab fragments inhibit 
cell to substratum adhesion more efficiently when present in the assay 
medium. Therefore, assays were also conducted with 0.5 mg ті! of 
B, À; Fab fragments present in the assay medium. In the above experi- 
ments, control retinal cell monolayers were also incubated with 
0.5 mg ші”! of control IgG. When monolayers were treated with anti- 
retinal cell monoclonal antibodies which do not affect cell-substratum 
adhesion, no inhibition was observed (data not shown). 


to saturate the heparin-binding sites of N-CAM on both the 
monolayer and the probe cells. The inhibition of adhesion by 
65% with 200 ug ml! of heparin is particularly striking, since 
a similar concentration of chondroitin sulphate does not dimin- 
ish the rate of cell-cell adhesion. These data suggest that 
adhesion between retinal cells depends upon cell surface 
heparan sulphate proteoglycan. It has been shown previously 
that an antiserum directed against this class of proteoglycan 
inhibits retinal cell-substratum adhesion?!^!5, In view of our 
previous data demonstrating that N-CAM participates in retinal 
cell-substratum adhesion and that it possesses a heparin-binding 
domain™!?, we postulate that the binding of cell surface heparan 
sulphate to N-CAM is required for cell-cell adhesion. 

To determine if heparin inhibits N-CAM-mediated cell-cell 
adhesion, we used both the isolated heparin-binding domain of 
N-CAM and a monoclonal antibody that recognizes the heparin- 
binding domain? to examine whether heparin-binding by N- 
CAM is required for cell adhesion. The C,H; monoclonal anti- 
body inhibits cell-substratum adhesion by a mechanism sugges- 
tive of the homophilic binding that has been demonstrated for 
N-CAM-mediated cell-cell adhesion, but our previous studies 
implied that heparan sulphate binding to N-CAM was requifed 
for homophilic binding to occur”. A second monoclonal anti- 
body, B,A;, recognizes the heparin-binding domain of N-CAM 
and also inhibits cell-substratum adhesion’. Retinal cell 
monolayers were incubated with these monoclonal antibodies, 
washed, and incubated with labelled probe cells. In some cases 
Fab fragments of the monoclonal antibody were present 
throughout the assay. The C,H; monoclonal inhibits cell-cell 
adhesion by approximately 70% (Table 2), which indicates that 
in this assay system the rate of cell-cell adhesion is to a large 
extent controlled by N-CAM. Fab fragments of B, A; also inhibit 
cell-cell adhesion. We have previously shown that the В,А; 
monoclonal inhibits cell-substratum adhesion more efficiently 
when present in the assay medium’. Here we find that the 
inhibition of cell adhesion was greater, approaching that 
observed with heparin, when B, A, Fab fragments were present 
in the medium than when the retinal cell monolayers were 
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Fig. 2 Schematic diagram depicting possible mechanisms for the 
interaction between heparan sulphate and N-CAM in neuronal 
cell-cell adhesion. The model proposes that N-CAM undergoes a 
conformational change following heparan sulphate binding”, with 
homophilic binding between N-CAM molecules resulting in cell- 
cell adhesion. In a and b, the model indicates that heparan sul- 
phate-N-CAM binding can be trans (N-CAM binds to heparan 
sulphate on opposing cell) or cis, although we favour the former 
mode of binding. c-e show possible mechanisms for the inhibition 
of cell-cell adhesion. c, Inhibition by the C,H, monoclonal, which 
disrupts homophilic binding; d, inhibition by the B, A, monoclonal, 
which prevents binding of heparan sulphate to N-CAM and thus 
the conformational change in the protein; e, inhibition by heparin- 
binding domain of N-CAM, which also prevents the conforma- 
tional change in N-CAM. 


washed after exposure to the antibody. As the B; A, monoclonal 
binds to the heparin-binding domain of N-CAM, these observa- 
tions directly implicate the binding of heparin to N-CAM in 
retinal cell-cell adhesion. ч 

We also examined whether the heparin-binding domain іѕо- 
lated from N-CAM could inhibit cell-cell adhesion, as this 
would provide further support for the role of heparin binding 
to N-CAM in mediating cell to cell adhesion. The heparin- 
binding domain of N-CAM has been identified by limited pro- 
teolysis of immunopurified N-CAM, followed by chromato- 
graphy on a heparin-agarose column’. The isolated heparin- 
binding domain is a 25,000-dalton fragment that inhibits cell- 
substratum adhesion when incubated with retinal cells? and 
promoted cell-substratum adhesion when covalently coupled 
to inert surfaces”. In the present study S-methionine-labelled 
retinal probe cells were incubated with 50 pg mI"! of the isolated 
heparin-binding N-CAM fragment, and then added to mini-vials 
containing retinal cell monolayers. Cell-cell adhesion was par- 
tially inhibited by this polypeptide fragment (Table 2), similar 
to the inhibition of cell-substratum adhesion previously repor- 
ted. This implies that the fragment at the concentrations 
employed? does not fully saturate the cell surface heparan sul- 
phate, which is still available to interact with N-CAM in the 
айһегопв!5 or on neighbouring retinal cells. 

These data still leave open the possibility that the heparin- 
binding domain of N-CAM is itself not involved in cell-cell 
adhesion, but binds to cell surface heparan sulphate that inter- 
acts with another heparin-binding component participating in 
cell adhesion. Because the ВА; monoclonal, which recognizes 
this polypeptide fragment, inhibits cell-cell adhesion (see 
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above), it is likely that the heparin-binding domain of N-CAM 
is an integral component of N-CAM-mediated cell adhesion. 

In conclusion, we have demonstrated that cell-cell adhesion 
in the embryonic chicken neural retina can be inhibited 
specifically by heparin. A monoclonal antibody that recognizes 
the heparin-binding domain of N-CAM and a 25,000-dalton 
heparin-binding polypeptide fragment derived from N-CAM 
also inhibit cell-cell adhesion. These data suggest that retinal 
cell adhesion depends upon N-CAM interactions with heparan 
sulphate, and that these interactions are required for N-CAM 
homophilic binding. Previous studies in our laboratory have 
suggested that the binding of heparan sulphate to N-CAM 
induces a conformational change in the protein, which could 
modulate homophilic binding between N-CAM molecules. À 
possible mechanism for the modulation of cell adhesion by 
heparan sulphate is shown in Fig. 2. Other laboratories have 
demonstrated that the heparin-binding domains of fibronectin 
and laminin can promote neurite outgrowth’®'’, The multiple 
roles for cell surface proteoglycans require further detailed 
exploration, in particular to ‘ascertain if other cell adhesion 
molecules are also able to interact with heparan sulphate, as 
this would imply that heparan sulphate has a critical regulatory 
role in a variety of cell interactions during development. 
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Selective adhesive properties of cells are thought to have a key 
role in animal morphogenesis’, but the molecular bases underlying 
these properties remain to be determined. Our studies have demon- 
strated that cell-type-specific adhesiveness resides in a class of 
cell-cell adhesion molecules, termed cadherins, which were defined 
as the molecular components of the Ca^*-dependent cell adhesion 
system (CADS)**. For example, a cadherin molecuie identified in 
mouse teratocarcinoma cells, termed E-cadherin (this molecule 
seems to be identical to uvomorulin^ or cell-CAM 120/80 (ref. 5) 
and equivalent to chicken L-CAM®), was detected only in epithelial 
cells of various organs”; it did not cross-react with cadherins on 
other cell types^?. We recently described a novel type of cadherin, 
N-cadherin, which is found in mouse cells and whose tissue distribu- 
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Fig. 1 Immunoblot analysis of antigens recognized by antibod» 
NCD-2. a, Neural retina treated either with a 0.01% trypsin solu- 
tion containing 10 mM CaCl, (ref. 13) (TC) or with the same trypsin 
solution containing 1 mM EGTA instead of CaCl, (TE), for 20 min 
at 37°C. b, Various non-trypsinized tissues: ot, optic tectum, nr, 
neural retina; sp, spinal cord; dr, dorsal root ganglion, 1с, lens, 
hr, heart; lim, limb without skin; gi, gizzard; sk, abdominal skin, 
in, intestine; liv, liver; lu, lung; ki, kidney. M, markers: G, B- 
galactosidase (116K); P, phosphorylase b (94K); A, serum albumin 
(68K); O, ovalbumin (43K). 

Methods. Tissues collected from 6-day-old chick embryos were 
dissolved in SDS and subjected to SDS-polyacrylamide gel elec- 
trophoresis. Proteins were blotted onto nitrocellulose sheets as 
described elsewhere”, then the nitrocellulose sheets were incubated 
with a culture supernatant of NCD-2 hybridoma, [allowed by 
25] tabelled anti-rat antibody (Amersham), then processed for 
autoradiography*. NCD-2 was obtained as follows: Neural retina 
and brain tissues were collected from two 6-day-old chick (White 
Leghorn) embryos, treated with TC, then homogenized with 
Freund's complete adjuvant. The homogenates were injected 
intraperitoneally (i.p.) into a Wistar rat; after 22 days, the rat was 
given a second i.p. injection comprising the same tissues (collected 
from six embryos) treated with TC and homogenized v ith Freund's 
incomplete adjuvant. Splenocytes of this animal were fused with 
P3-X63-Ag-U1 myeloma cells 3 days after the second injection 
For screening .of hybridomas, we used the following immunoblot 
analysis. Proteins of neural retina treated with TC or TE from 
6-day-old chick embryos were electrophoresed and transferred to 
nitrocellulose sheets. The sheets were cut into thin strips and each 
strip was incubated with culture supernatants derived from 
different hybridoma clones. After detection of antigen bands using 
an appropriate second antibody, the bands detected in TC-ireated 
samples were compared with those detected in TE-treated samples 
for each hybridoma supernatant. Hybridoma-producing antibodies 
which reacted with components present only in TC-treated tissue 

were saved. One such antibody was NCD-2. 


tion is distinct from that of E-cadherin’. In the present study. we 
have identified a molecular component of N-cadherin in the chicken 
and determined its distribution in the tissues of early embryos. 
The results suggest that expression of this adhesion molecule is 
associated with separation and sealing of cell layers in morpho- 
genesis. 

The Ca?*-dependent cell adhesion system displays a unique 
trypsin sensitivity in that it is removed from cell surfaces by 
treatment with trypsin in the presence of EGTA (TE treatment) 
but left intact after treatment with trypsin in the presence of 
Ca?* (TC treatment)?-??. We obtained several monoclonal anti- 
bodies which react with cell surfaces of chick neural retina 
dissociated by TC teatment but not with those dissociated by 
TE treatment. Immunoblot analysis showed that all these anti- 
bodies recognize a single component witha relative molecular 
mass ( M,) of 127,000 (127K) (Fig. Іа). We chose one of these 
monoclonal antibodies (NCD-2) for further studies. NC D-2 
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Fig. 2 Effect of NCD-2 on aggregation of neural retina celis. 
Tissues were collected from 6-day-old chick embryos and dissoci- 
ated by treatment with TC (a) or LTE” (b). Cells were allowed 
to aggregate in either the presence (8) or absence (О) of purified 
NCD-2 antibody (25 рр ml !). The extent of aggregation was 
measured using a Coulter counter and is represented by an index 
NJ No, as defined elsewhere'?. (See ref.13 for details of the 
methods of dissociation and aggregation of neural retina cells.) 
As a control experiment, we tested the effect of a rabbit antiserum 
raised against whole chicken neural retina, which did not contain 
antibodies recognizing the 127K protein. Fab fragments of anti- 
bodies purified from this antiserum did not inhibit aggregation of 
TC-treated neural retína cells, although they bound strongly to the 
surfaces of the cells. (In these studies we did not use Fab fragments 
of the NCD-2 antibody as even its intact form inhibited cell 
aggregation. This antibody seems unable to agglutinate cells, there- 
fore the assay of inhibition of cell aggregation by the antibody was 
not hindered by agglutination. A similar property was observed 
for the ECCD-1 antibody?) 


inhibited the Ca?*-dependent aggregation of neural retina cells 
dissociated by TC treatment, but did not inhibit the Ca?*- 
independent aggregation of neural retina cells dissociated by 
treatment with a low concentration of trypsin in the presence 
of EGTA (LTE treatment) (Fig. 2). (The LTE treatment is known 
to inactivate the CADS but to leave intact the Ca?*-independent 
adhesion system.) These results suggested that NCD-2 
specifically recognizes the CADS, and that the 127K protein is 
a component of this adhesion system. 

To provide a rough evaluation of the tissue distribution of 
the 127K protein, SDS-lysates of various tissues from 6-day-old 
chick embryos were subjected to immunoblot analysis. Figure 
1b shows that all nervous tissues tested, for example, optic 
tectum, spinal cord, dorsal root ganglia as well as neural retina, 
contained large amounts of 127K protein. Heart and lens were 
also strongly positive in reaction with NCD-2. On the other 
hand, limb, gizzard, skin, intestine, liver, lung and kidney were 
negative or only weakly positive. Immunohistochemical studies 
showed that essentially all cells in the nervous tissues and lens 
as well as all myocardiac cells in the heart were stained by 
NCD-2. In the weakly positive tissues, only particular groups 
of cells, such as mesothelium and ganglion clusters, were stained. 
These results will be described in detail elsewhere (in prepar- 
ation). Limbs in embryos at this stage contained only a very 
small amount of the 127K protein; however, at later stages, 
when myotubes had differentiated, these multinucleated cells 
became positive. Thus, the tissue distribution of NCD-2 targets 
in chicken embryos is similar to that of N-cadherin defined in 
mouse embryos’, suggesting that the 127K protein is the chicken 
equivalent of mouse N-cadherin. We therefore call this 127K 
protein chicken N-cadherin. 

To investigate the possible morphogenetic role of N-cadherin, 
we studied the pattern of expression of this adhesion molecule 
in developing chicken embryos by immunocytochemistry. N- 
cadherin was not expressed in blastoderm at the blastula stage; 
it was expressed for the first time at the primitive-streak stage. 
While the epiblast cells were not stained by NCD-2, cells migrat- 
ing into the lower layer through the primitive streak did become 
stained (Fig. 3a). 

At the head-folding stage, ectoderm cells remained unstained 
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Fig. 3 Immunocytological detection of N-cadherin in early embryos at 
various stages. la, The definitive streak stage. b, The head-process stage; 
sectioned at the neural plate level. c, 8-somite stage; sectioned at the level 
between the 8th somite and Hensen's node. d, 11-somite stage; sectioned at 
a level similar to that in c. e, 8-somite stage; sectioned at the head region. 
All specimens were transverse sections. e, Epiblast or ectoderm; m, 
mesoderm and endoderm; ep, epidermis; ps, primitive streak; np, neural 
plate; ng, neural groove; nt, neural tube; no, notochord. x 135. 

Methods. For immunohistochemistry, embryos were fixed in 4% paraformal- 
dehyde in Hanks’ solution for 1 h at 4 °C. After incubation in 12-18% sucrose 
in Hanks’ solution for several hours, the samples were layered between 
abdominal muscle of adult mouse and frozen in isopentane maintained in 
liquid nitrogen as described by Thiery ег al'^. Cryostat sections (10 pm 
thick) were mounted on slides coated with gelatin and dried in air. The 
samples were incubated successively in the following solutions, with washing 
at each interval: (1) in 1% bovine serum albumin in HEPES-buffered Hanks’ 
solution (HHS) for 15 min, (2) in culture supernatant of hybridoma ‘for 
30 min, (3) in biotinylated anti-rat antibody (Amersham) diluted 1:100 with 
HHS for 30 min, and (4) in fluorescein-strepatividin (Amersham) diluted 
1:400 with HHS for 15 min. After mounting with 90% glycerol-10% HHS 
containing 0.1% p-phenylenediamine", photographs were taken using a 
Zeiss 18FL microscope. Specificity of antibody binding was checked by 
comparing the samples with a control that had been treated with ECCD-1 
antibody" instead of NCD-2. The ECCD-1 antibody also served as a control 

‘ in the other experiments described here. i 
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Fig. 4 Immunocytological detec- 
tion of N-cadherin in the developing 
eye. a, Lens placode; b and c, 
invaginating lens vesicle; d, lens 
whose formation was complete. 1р, 
Lens placode; 1, lens vesicle or lens; 
о, optic vesicle; г, retina. Sections 
were processed as described in Fig. 2 
legend, except that fluorescein- 
streptavidin was replaced by strep- 
tavidin-biotin peroxidase complex 
(Amersham). The distribution of the 
antigen was visualized by means of 
the peroxidase reaction as described 
elsehwere'?. x135. 


until folding of the neural plate began (Fig. 3b). When invagina- 
tion of the neural plate had begun, cells in the deepest portion 
of the neural groove became stained (Fig. 3c), and subsequently 
the stain extended from the bottom to the top of the folding 
plate (Fig. 3d). At the stage when the neural plate had closed, 
forming a tube, and was detached from the overlying ectoderm, 
all cells in the tube were stained (Fig. 3e), however the ectoderm 
layer remaining on the body surface did not take up stain. 
Mesodermal cells at this stage differentiate into various tissues 
such as notochord, somites and lateral plate, which became 
more intensely stained, although some cells such as endothelial 
cells of blood vessels were not stained. The endoderm layer was 
also stained. 

In embryos at later stages, we found that expression of N- 
cadherin is associated with a variety of morphogenetic events. 
From among these findings, we describe here an observation on 
lens formation. Details of other observations will be published 
elsewhere (in preparation). The lens is formed by invagination 
of the ectoderm. When the lens placode formed, this thickened 
part of the ectoderm became stained by NCD-2, while other 
parts of the ectoderm surrounding the placode remained 
unstained or were only weakly stained (Fig. 4a). Staining of the 
lens primordium became more intense as invagination pro- 
ceeded, although the overlying ectoderm contiguous to the lens 
vesicle was also weakly stained at the ventral portion (Fig. 4b, c). 
When lens formation was complete, the lens was heavily stained 
whereas the overlying ectoderm which differentiated into the 
corneal epithelium was not stained (Fig. 4d). In these studies, 
we found that, in closing or closed vesicular or tubular structures 
such as neural tube, somite and lens vesicle, the NCD-2 staining 
was always more intense in the inner portion of the cell layers 
(see, for example, Figs 3e, 4). 

Thus, expression of N-cadherin in chicken embryo coincides 
with various morphogenetic events—gastrulation, neurultion 
and lens formation. In these three cases, expression of N- 
cadherin was initiated in cells undergoing separation from other 
cell layers (that is, in mesoderm and endoderm cells segregating 
from the epiblast cell layer, and in the neural tube and the lens 
vesicle as these tissues separated from the overlying ectoderm). 
Note that the patterns of N-cadherin expression appear to be 
complementary to those of L-CAM*®"*, which is probably the 
chicken equivalent of mouse Е-садһегіп!5, According to Thiery 
et al^, L-CAM is expressed in the epiblast (upper layer) of 
blastoderm but not in the mesodermal and endodermal cells 
migrating into the lower layer of the blastoderm during gastrula- 
tion. While L-CAM is permanently expressed in the body- 
surface ectoderm, it disappears from the neural tube and lens 
vesicle during their invagination from the overlying ectoderm". 

Thus, invaginating cells involved in organogenesis of certain 
tissues begin to express N-cadherin while terminating L-CAM 
expression. As we reported previously), cells expressing E- 


. cadherin (=L-CAM) do not cross-adhere with cells expressing 


N-cadherin in a certain cell combination. It seems, therefore, 
that switches in expression of cadherin from E- to N-type in 





the invaginating cells may be an essential step for their segrega- 
tion from cell layers continuously expressing E-cadherin. 

We thank Professor T. S. Okada for his encouragement during 
this project. This work was supported by research grants from 
the Japanese Ministry of Education, Science and Culture. 
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Induction of tolerance by 
monoclonal antibody therapy 
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A major goal in immunology has been to find a means of selectively 
abolishing an individual's potential to mount ап immune response 
to certain antigens, while preserving responsiveness to others. The 
facility to induce such specific immunological unresponsiveness in 
an adult would have major implications for tissue-grafting, the 
control of allergy and for treatment of autoimmune disease. 
Classical work has shown that immunosuppressive regimes, such 
as irradiation, anti-lymphocyte globulin or thoracic duct drainage. 
may facilitate tolerance induction"?, We describe here a technique 
by which the immune system of mice can be manipulated to be 
tolerant to certain protein antigens by administering these during 
a brief pulse of treatment with a monoclonal antibody directed to 
the L3T4 molecule on helper T lymphocytes. This technique has 
the potential to form the basis of a novel generalized means of 
tolerance induction. 

The treatment of mice with the rat monoclonal antibodies 
YTS 191.1 (ref. 3) and GK 1.5 (ref. 4), directed to the L3T4 
molecule on T-helper cells?, leads to rapid depletion of this 
subset from the blood and lymphoid tissues^?, with subsequent 
immunosuppression of a range of immune functions*^". Given 
that L3T4-depleted animals fail to respond on immunization 
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Fig. 1 Return of immunocompetence after YTS 191.1 treatment 
in euthymic mice. 
Methods. Male CBA/Ca mice aged 8-12 weeks were depleted of 
L3T4-positive T cells by daily injections on days 0 (intravenous 
(i.v.)), 1 and 2 (intraperitoneal (i.p.)) of YTS 191.1 as 0.2 ml of 
ascitic fluid from (DA x LOU)F, rat enriched for immunoglobulin 
by precipitation with 50% saturated ammonium sulphate, and 
equivalent to —0.4 mg of active monoclonal antibody per dose. 
Controls received saline by the same protocol. Groups of four mice 
were randomly selected on various days following treatment and 
immunized with 0.5 mg heat-aggregated HGG i.v., purified from 
group O rhesus-positive serum by ammonium sulphate precipita- 
tion followed by elution through an ion-exchange chromatographic 
column (DE 52, Whatman) in 0.01 M sodium phosphate buffer 
pH 8.0, dialysed into phosphate-buffered saline (PBS) at 10 mg 
1 and then aggregated by heating to 63 °C for 25 min followed 
by overnight incubation on ice’. Mice were bled from their tail 
veins 11 days after immunization and the sera stored at —20°C. 
Serum anti-HGG antibody titres were measured by an enzyme- 
linked immunosorbent assay (ELISA) as follows. Polyvinyl micro- 
titration trays were coated with purified HGG by incubation of 
50 Ш per well of 20 pg ml! НСС in PBS for 60 min at 37°C, 
washed three times in PBS/0.0596 (v/v) Tween 20 (Sigma), and 
then blocked overnight with 196 (w/v) bovine serum albumin 
(BSA) in PBS/0.02% (w/v) sodium azide. The trays were then 
washed and doubling dilutions of test sera in 0.1% BSA/PBS were 
added to each tray at 50 ul per well and incubated for 60 min at 
20°C. A positive control of peroxidase-linked rabbit anti-human 
immunoglobulin (Dako) was titrated on each tray. The test samples 
were followed sequentially, with intervening washes, by species- 
specific biotinylated sheep anti-mouse immunoglobulin (Amer- 
sham) and then biotinylated streptavidin horseradish peroxidase 
complex (Amersham) both at 1: 1,000 dilution in PBS/0.1% BSA 
and incubated at 5041 per well for 35 min at 20°C. Trays were 
then washed and developed for 5 min with o-phenylenediamine 
(100 Ш per well) and the reaction stopped with 50 pl per well of 
0.5 M H5SO,. Absorbance was read at 490 nm, the results plotted 
graphically and the titres read relative to the positive control. Data 
are geometric mean -ts.d. of the antibody titres from four mice. 


with protein antigens, we asked whether their immune system 
maintained any record of such an abortive encounter. This 
question could be answered by exposing mice to primary antigen 
challenge during a brief period of anti-L3T4 therapy, and then 
offering a second challenge dose of the antigen when 
immunocompetence had been fully re-established. Three 
responses were possible. First, the animals might appear naive, 
simply producing a primary-type response. Second, they might 
have developed memory for a secondary response without 
exhibiting a primary response. Finally, they might have reg- 
istered their first encounter with antigen in a negative way and 
become tolerant. 

The experimental design required that we assess the record 
of antigen encounter in anti-L3T4-treated mice only when full 
immunocompetence had been restored. Figure 1 shows that mice 
challenged with heat-aggregated human y-globulin (HGG) 2 
days after L3T4 depletion generated no primary antibody 
response (as expected). However, challenge at day 12 elicited 
a strong anti-HGG response and at day 42 this reponse was 
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Fig. 2 YTS 191.1 induces unresponsiveness to its own IgG2b 
epitopes and to heat-aggregated HGG given concomitantly. a, 
Response to rat IgG2b; b, response to HGG. 

Methods. Adult CBA/Ca male mice in groups of five were pre- 
treated with three injections of YTS 191.1 as in Fig. 1 (groups 1, 
4, 5), or as controls received an irrelevant IgG2b monoclonal 
antibody (YTH 65.3.3, anti-human T200!5) (groups 2, 6) or saline 
(groups 3, 7, 8) by the same protocol. In b, groups 5, 6 and 7 were 
then injected on days 2 and 3 with 0.5 mg doses of heat-aggregated 
HGG prepared as in Fig. 1. Following this pretreatment, mice were 
maintained on antibiotics (oxytetracycline 50 mg 17, Terramycin; 
Pfizer) and were free of any obvious disease. On day 12 all mice 
were bled and the effectiveness of anti-L3T4 treatment was 
confirmed by the absence of an antibody response to HGG in 
group 5, as compared with strong primary responses in groups 6 
and 7 as measured by an ELISA (data not shown). On days 42 
and 52, mice were immunized i.p. with 0.5 mg of the heat-aggre- 
gated form of: Ш, YTH 3.2.6 (anti-CD7 (Campath 2/9) IgG2b); 
Й, YTH 53.1.4 (anti-human red blood cell (H.W., unpublished 
data), IgG2b); or 0, НСО. YTH 3.2.6 and YTH 53.1.4 were 
purified from (DA x LOU)F, rat ascites by ammonium sulphate 
precipitation, followed by ion-exchange chromatography in 0.01 M 
sodium phosphate buffer pH 8.0 (DE 52, Whatman) and then heat- 
aggregated as above. Mice were bled from their tail veins on day 
58 and their sera stored at —20 °C. The serum titres of antibody to 
the respective immunizing Ag (YTH 3.2.6, YTH 53.1.4 or HGG) 
were determined by ELISA as in Fig.1. A mixture of mouse 
monoclonal antibodies against rat immunoglobulin (Norig 7.16.2, 
Norig 1.1.6 [both anti-rat IgG2b"] and Mar 18.5 [anti-rat light 
chain'*]) was used as a reference-positive control for measurement 
of the anti-rat IgG2b antibody responses. Data are geometric means 

+s.d. of antibody titres from five mice. 


equivalent to that in untreated controls. Secondary antigen chal- 
lenge at day 42 after L3T4 treatment would, therefore, give a 
reliable measure of the immune system’s record of its encounter 
with antigen given under the ‘umbrella’ of anti-L3T4. 

The first test antigen we considered was the anti-L3T4 mono- 
clonal antibody itself. YTS 191.1 and GK 1.5 (both of the rat 
IgG2b subclass) do not elicit anti-globulin responses in vivo®*°, 
whereas other rat IgG2b monoclonals with specificity for lym: 
phocytes, all elicit strong responses to themselves”. As YTS 191.1 
is non-immunogenic, we asked how mice treated with this anti- 
body recorded their encounter with its IgG2b constant-region 
determinants? In the experiment shown in Fig. 2a, mice were 
pretreated with YTS 191.1, or an irrelevant monoclonal antibody 
or saline, and then 42 days later were immunized with either of 
two different heat-aggregated IgG2b monocionals, having no 
binding activity for mouse cells (YTH 3.2.61? and YTH 53.1.4). 
No anti-globulin responses could be detected in anti-L3T4- 
treated mice (group 1) compared with controls (groups 2, 3). 
Similarly, administration of HGG under the anti-L3T4 umbrella 
led to later unresponsiveness to rechallenge with this antigen 
(Fig.2b, group 5). Mice receiving anti-L3T4 but no initial 
‘recording’ dose of HGG (group 4), responded as well as con- 
trols (groups 6-8) to the late HGG challenge. Similar results 
were obtained with HGG derived from a different donor. Later 
bleeds did not expose immune responses in tolerant mice. 
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Fig. 3 Specificity of unresponsiveness to rat IgG2b and HGG. 
Adult male CBA/Ca mice were rendered unresponsive to rat IgG2b 
by YTS 191.1 (anti-L3T4 antibody) pretreatment as in group 1 in 
Fig. 2a, or to HGG by pretreatment with YTS 191.1 plus aggregated 
HGG (anti-L3T4 antibody plus HGG) as in group 5 in Fig. 2b. On 
days 42 and 52 after induction of unresponsiveness, these mice 
and age-matched controls were immunized with 0.5 mg i.p. of the 
heat-aggregated form of HGG (И), ССС (W) or YTH 3.2.6 (0) 
(rat IgG2b), and then bled on day 58. Chicken y-globulin was 
obtained from Miles Laboratories and heat-aggregated as above. 
Sera were stored at —20°C and antibody titres determined by 
ELISA. Data are geometric means +s.d. of antibody titres from 
five mice. 


This state of unresponsiveness could be shown to be true 
tolerance by specificity controls. Mice rendered unresponsive 
to rat IgG2b by administration of anti-L3T4 remained fully 
responsive to HGG or chicken y-globulin (CGG) (Fig. 3). 
Similarly mice made unresponsive to HGG given under the 
anti-L3T4 umbrella responded normally to CGG (Fig. 3). 

We have shown here that mice injected with antigen under 
the umbrella of an anti-L3T4 antibody maintain a record of the 
encounter manifesting as tolerance. As a method of tolerance 
induction it is unique, as we have been able to induce tolerance 
in normal adult mice with an immunogenic form of an antigen 
and there is evidence to suggest a special role for anti-L3T4 in 
permitting tolerance. Other rat IgG2b monoclonal antibodies 
that deplete lymphocyte populations (such as anti-Thy 1 or 
anti-Lyt 1) are also immunosuppressive, yet elicit strong anti- 
globulin responses to themselves”, and are therefore unlikely to 
permit tolerance to other antigens. 

T-helper cell depletion by YTS 191.1 may leave up to 10% 
of the L3T4* cells in peripheral lymphoid organs’. Why, then, 
are these remaining cells not primed by antigen to prevent 
tolerance induction? Perhaps depletion of helper cells is not the 
only determinant for tolerance induction, and anti-L3T4 mono- 
clonal antibody facilitates tolerance in some other way. What- 
ever the mechanism, this monoclonal regime has permitted 
tolerance to rat and human immunoglobulins. However, we 
have not yet achieved tolerance with heat-aggregated CGG (data 
not shown). It is likely that this highly immunogenic antigen is 
able to prime residual T-helper cells and that more aggressive 
protocols of anti-L3T4 therapy may be necessary to tip the 
balance of the immunological record towards tolerance. 

Our results have direct implications for serotherapy with 
monoclonal antibodies. First, the anti-globulin response, a major 
obstacle to any long-term antibody therapy!!, could be minim- 
ized if it were possible to exploit the tolerogenic properties of 
anti-L3T4 (CD4'*) monoclonal antibodies in humans. Second, 
many recent publications have demonstrated the value of anti- 
L3T4 monoclonals for the treatment of a number of autoimmune 
diseases in mice and rats*?-P, It is now important to establish 
whether the benefit of anti-L3T4 therapy in autoimmunity is 
simply due to blanket immunosuppression or to the creation of 
а tolerogenic milieu in which the immune system relearns ‘self 
and no longer pursues its auto-aggressive course. If the latter, 
then anti-L3T4 therapy may prove to be a preferred means of 
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treatment of clinical autoimmunity, and perhaps of hypersensi- 
tivity in general. 

The tolerogenic potential of treatment with anti-L3T4 mono- 
clonal antibodies offers some exciting prospects. Not only do 
we have a simple model for studying basic mechanisms of 
tolerance, complementing classical systems using deaggregated 
proteins’, but perhaps with potentiation of the effects described, 
anti-L3T4 antibodies may have a future as agents for achieving 
specific tolerance for therapeutic purposes. i 

We thank Gilly Martin and Mark Frewin for technical assist- 
ance and Drs M. Clark and S. Cobbold for helpful advice and 
discussion. This work was funded by MRC grants and the Oliver 
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Received 9 January; accepted 24 February 1986. 


1. Weigle, W. O. Ado. immun. 16, 61-121 (1973). 

2. Shellam, G. R. Immunology 17, 267-270 (1969). 

3. Cobbold, S. P., Jayasuriya, A., Nash, A., Prospero, T. D. & Waldmann, Н Nazure 312, 
548-551 (1984). 

4. Dialynas, D. Р. et al. J. Immun. 131, 2445-2451 (1983). 

5. Dialynas, D. P. et al Immun. Rev. 47, 29-56 (1983). 

6. Wofsy, D. C., Mayes, J., Woodcock, J. & Seaman, W. E. J. Immun. 135, 1692-1701 (1985: 

7. Cobbold, S. P. & Waldmann, H. Transplantation (in the press). 

8. Wofsy, D. & Seaman, W. E. J. exp. Med. 161, 378-391 (1985) 

9. Cobbold, S. P., Martin, G., Lovat, P. E. & Waldmann, Н. Adv. exp Med Birl 186, 789-795 
(1985). 

10. Waldmann, H. et al. Adv. exp. Med. Biol. 186, 869-875 (1985). 

1. Ritz, J. & Schlossman, S. F. Blood 59, 1-11 (1982). 

12. Reinherz, E. & Schlossman, S. F. Cell 19, 821-826 (1980). 

13. Waldor, M. K. et al. Science 227, 415-417 (1985). 

14. Ranges, С. E., Sriram, S. & Cooper, S. M. J. exp. Med. 162, 1105-1110 (19-5) 

15. Brostoff, S. W. & Mason, D. W. J. Immun. 133, 1938-1942 (1985) 

16. Bindon, C., Hale, G., Clark, M. & Waldmann, H. Transplantation 40, 53% 543 (19851. 

17. Hale, G., Clark, M. & Waldmann, H. J. immun. 134, 3056-3060 (1985) 

18. Lanier, L. L., Gutman, G. A., Lewis, D. E., Griswold, S. T. & Warner, N L Hybndoma 
1, 125-130 (1982). 








Abrogation of oral tolerance by 
contrasuppressor T cells suggests 

the presence of regulatory T-cell 
networks in the mucosal immune system 


Iwao Suzuki*, Hiroshi Kiyonot, Kyoichi Kitamura*, 
Douglas R. Green? & Jerry R. McGhee* 


Departments of * Microbiology and t Oral Biology and Preventive 
Dentistry, Institute of Dental Research, University of Alabama at 
Birmingham, University Station, Birminghham, Alabama 35294, USA 
+ Department of Immunology, Faculty of Medicine, University of 
Alberta, Edmonton, Alberta, Canada T6G 2H7 





Continuous ingestion of a thymus-dependent (TD) antigen differen- 
tially affects two compartments of the immune system. A secretory 
IgA antibody response is induced in mucosal tissues, concurrent 
with a state of antigen-specific systemic unresponsiveness to paren- 
teral challenge’, termed oral tolerance”. The precise mechanisms 
whereby gut antigenic exposure induces oral tolerance are 
unknown, although T-suppressor cells™*, anti-idiotypic networks? 
and immune complex formation$ have all been proposed. Here we 
show that the systemic unresponsiveness of mice made orally 
tolerant to the TD antigen sheep red blood cells (SRBC) is reversed 
by the adoptive transfer of Lyt-1*,2-, Vicia villosa lectin-adherent 
and I-J* T cells derived from mice which are genetically resistant 
to the induction of oral tolerance to SRBC. This T-cell subpopula- 
tion has the characteristics of contrasuppressor effector T cells 
(Tes). Small numbers of these T., cells reverse SRBC-specific 
tolerance both in vivo and in vitro. This finding offers new insight 
into the mechanisms of oral tolerance induction and maintenance, 
and suggests that a network of T cells are involved in the regulation 
of host responses to ingested antigens. А 

Prolonged oral immunization of C3H/HeN mice with SRBC 
induces systemic unresponsiveness, while identically treated 
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Fig. 1 Reversal of oral tolerance by adoptive transfer of V. villosa- 
adherent T cells. Groups of 22-28 C3H/HeN (a-d) and 18-20 
C3H/HeJ (H-2*) (e) mice were given SRBC daily by GI for 28 
days?". Seven days later, spleen cells from 8-10 C3H/HeJ mice 
were enriched for T cells by removal of macrophages by adherence 
to plastic-coated surfaces and B cells by panning on anti- 
immunoglobulin-coated plates followed by treatment with anti- 
immunoglobulin and rabbit C (total T cells). T cells were further 
fractionated by addition to plates coated with V. villosa (L-4600 
lot #0127F; Е.Ү. Laboratories, Inc., San Mateo, California) and 
non-adherent and adherent T cells were collected!?'^. Approxi- 
mately 7-9% of the T cells adhere to V. villosa. Each T-cell fraction 
(1x10 per mouse) was adoptively transferred to groups of 4-6 
orally tolerized C3H/HeN mice and immunized i.p. with SRBC. 
Four days later, splenic anti-SRBC PFC of the IgM (0), IgG (£2) 
and IgA (lil) isotype were determined*’. a, No Т cells; b, total T 
cells; c, V. villosa-adherent T cells; d, V. villosa-non-adherent T 
cells; e, no T cells. Data are taken from four separate experiments. 


C3H/HeJ mice exhibit IgM, IgG and IgA anti-SRBC splenic 
plaque-forming cell (PFC) responses (Fig. 1)*. The inability to 
induce oral tolerance in C3H/HeJ mice is linked to a defective 
gene (Lps*) on chromosome 4 which renders lymphoid cells 
unrespansive to the endotoxin (lipopolysaccharide, LPS)) of 
Gram-negative bacteria”. Analysis of the regulatory T cells in 
the Peyer’s patches and spleens of orally immunized LPS- 
responsive C3H/HeN (Lps"/Lps") mice identified a pre- 
dominant T-suppressor (T,) cell activity, while the LPS-nonre- 
sponsive C3H/HeJ (Lps?/ Lps?) mice were characterized by a 
predominant T-helper (Т) cell activity". This response pattern 
could result from regulatory T cells in the Peyer's patches of 
C3H/HeJ mice which render T, cells resistant to T,-cell activity, 
and would, therefore, exhibit the T,,-cell activity described by 
Gershon, Green and colleagues” ". 

To test this possibility, groups of C3H/HeN and C3H/HeJ 
. mice were orally immunized with SRBC?" for 28 consecutive 
days and purified splenic T cells from the C3H/HeJ animals 
were then adoptively transferred to orally tolerant C3H/HeN 
mice. Transfer of 1x 105 C3H/HeJ T cells to the C3H/HeN 
mice immediately before intraperitoneal (i.p.) challenge abro- 
gated tolerance and allowed the development of IgM, IgG and 
IgA anti-SRBC PFC responses (Fig. 1). Furthermore, the active 
T cells could be enriched by adherence to Vicia villosa lectin, 
while the V. villosa-non-adherent T cells were not effective at 
reversing oral tolerance when adoptively transferred to 
C3H/HeN mice (Fig. 1). Adoptive transfer of V. villosa adherent 
or non-adherent splenic T cells from orally tolerant C3H/HeN 
mice into the C3H/HeN strain did not reverse oral tolerance. 
In addition, V. villosa-adherent splenic T cells from unimmun- 
ized C3H/HeJ or C3H/HeN mice failed to abrogate systemic 
unresponsiveness when given to orally tolerant C3H/HeN mice. 
These results suggest that C3H/HeJ mice given SRBC orally 
develop a subset of splenic T cells which abrogate oral tolerance 
in vivo, and that this T-cell subset shares the property of V. 
villosa binding with the previouly described Т, cells’. 

V, villosa-adherent splenic T cells from C3H/HeJ mice were 
tested over a wide range of cell number (1x 10’-5x 105), and 
all-cell numbers used reversed oral tolerance upon adoptive 
transfer to C3H/HeN mice (Fig. 2). Higher numbers of V. vil- 
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1x10" 1x10? 1х105 5x10% 1x10" 1х10° 1х10°5х10* 
Adoptive transfer of C3H/HeJ V. villosa -adherent T cells 


Fig. 2 Reversal of oral tolerance is achieved with small numbers 
of V. villosa-adherent T cells. Various doses (1x 107-5 x 10^ cells) 
of V. villosa-adherent T cells from spleens of 8-10 C3H/HeJ mice 
given SRBC by GI for 28 days were adoptively transferred to 
groups of 4-6 orally tolerized C3H/HeN mice. The animals were 
immunized i.p. with SRBC and splenic IgM and IgA anti-SRBC 
PFC were determined 4 days later. As controls, groups of 
12 C3H/HeJ and C3H/HeN mice were given SRBC by GI for 28 
days followed by systemic injection of this antigen 1 week later; 
(ө-э) for C3H/HeJ and (- —:—-) for C3H/HeN. Data are taken 
from three separate experiments. 
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Fig.3 Contrasuppressor T cells mediate reversal of oral tolerance. 
Splenic T cells from C3H/HeJ mice given SRBC by GI for 28 days 
were prepared as described in Fig. 1 legend. T cells were further 
enriched for Lyt-1* by treatment with monoclonal anti-Lyt-2 (clone 
#53-6-72) followed by addition of anti-rat IgG and C. This treat- 
ment removed the Lyt-2* T-cell population as determined by 
immunofluorescence staining with fluorescein isothiocyanate-anti- 
Lyt-2. These Lyt-1* T cells were then treated with anti-I-J* (Cedar- 
lane) and C. Additional aliquots of Lyt-1* T cells were added to 
V. villosa plates and the adherent fractions tested (see Fig. 1 
legend). Lyt-1*, V. villosa* T cells were subsequently treated with 
anti-Lyt-1 (clone #53-7.313) followed by anti-rat IgG and C. 
Individual T-cell fractions (5 x 10* cells per mouse) were adoptively 
transferred to groups of 5-7 orally tolerized C3H/HeN mice and 
immunized i.p. with SRBC. IgM (0), IgG (Z2) and IgA (W) 
anti-SRBC PFC responses were assessed 4 days later. a, Anti-Lyt- 
2+C; b, anti-Lyt-2, anti-I-J* +C; c, anti-Lyt-2-- C, V. villosa adher- 
ent; d, anti-Lyt-2+C, V. villosa adherent, anti-Lyt-1-- C. Data are 
taken from three separate experiments. 


losa-adherent T cells gave elevated IgM responses, while 105-106 
cells supported responses similar to those seen in C3H/HeJ 
mice (Fig. 2). Interestingly, when the IgA-isotype response was 
examined, the transfer of graded numbers of V. villosa-adherent 
T cells resulted in a biphasic response. Both high and low 
numbers of transferred cells abrogated tolerance, while inter- 
mediate numbers were less effective. This may suggest that the 
functional activity observed is due to two distinct populations 
of Ta cells, one of which may be IgA-isotype specific. 
Enrichment of Lyt-1* T cells from the C3H/HeJ splenic T-cell 
population by anti-Lyt-2 and rabbit complement (C) treatment 
gave a cell fraction which abrogated oral tolerance when adop- 
tively transferred to C3H/HeN mice (Fig. 3). This cell fraction 
contains mature Т, cells?" and effector Т, cells, since further 
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Table 1 V. villosa*, Lyt-1*, I-J** T cells abrogate the unresponsiveness of spleen cells from orally tolerized mice in vitro 





Purified T cells added 





(cell treatment) Cell no. addedt IgM IgG IgA 

None None 65411 31:12” 3:23 

Anti-Lyt-2+ C 1x 10° 261 +36 126+15 263 i 26 
5x 10° 243 £35 192 + 25 332142 e 

Anti-Lyt-2 and 1x10 105214 33211 7129 

anti-I-J*+ Ct 5x 10° 40+9 52+7 7514 

Anti-Lyt-2+C V. villosa adherent$ 1х105 257424 140+11 261237 

5x10 172422 184418 279 +12 

V. villosa non-adherent§ 1х105 92+6 10028 6226 

§x10° 7058 66=4 33:7 

Anti-Lyt-2 and V. villosa adherent§ 1x10° 94+15 46-8 4727 

anti-Lyt-14- C 5x10? 69511 3448 9-20 





Spleen cells (5x 10°) from seven to nine C3H/HeN mice orally tolerized with SRBC were cultured in minimal essential medium containing 
L-glutamine, gentamicin, penicillin, streptomycin, sodium bicarbonate, sodium pyruvate, non-essential amino acids and 1096 fetal calf serum and 
immunized with SRBC (2.5 x 10$ per culture) in the presence or absence of added T cells (either 5x 105 or 1x 10? per culture) (see below} and 


incubated for 5 дау! 


* Values are the mean IgM, IgG or IgA anti-SRBC PFC per culture per experiment and from three separate experiments. Non-immunized, control 


cultures gave less than 4 anti-SRBC PFC per culture. 


+ Aliquots of T cells in various treatment groups were titrated over a range of 1 x 10*-1 x 10° cells per culture. Representative doses of 1 x 10-5 x 10° 
are included. T cells from normal C3H/HeJ spleen were without effect when added to tolerant C3H/HeN splenic cultures. 

t Splenic T cells from 10 C3H/HeJ mice given SRBC by gastric intubation (GI) daily for 28 days were pepared as described in Fig. 1 legend. Т 
cells were further enriched into Lyt-1* fractions by treatment with anti-Lyt-2 and C (Fig.3 legend). This treatment removed the Lyt-2* T-cell 
population as determined by immunofluoresence. Aliquots of Lyt-1* T cells were treated with anti-I-J* and C. 

8 Lyt-1^-enriched Т cells from C3H/HeJ spleen were separated into adherent and non-adherent fractions on V. villosa lectin-precoated plates. 
Additionally, Lyt-1* V. villosa-adherent T cells were treated with anti-Lyt-1 and C (see Fig. 3 legend). 


fractibnation of Lyt-1* T cells by adherence to V. villosa resulted 
in adherent Lyt-1* T cells with tolerance-reversing activity, while 
non-adherent enriched Lyt-1* Т, cells were without effect (Fig. 3 
and data not shown). In addition, treatment of Lyt-1*, V. villosa- 
adherent T cells with anti-Lyt-1 and C abrogated reversal of 
oral tolerance. This suggests that the active T-cell fraction is 
Lyt-1*,27 and V. villosa adherent, all properties of effector Т, 
cells. 

Previous work has shown that I-J determinants occur on T 
cells with helper amplifier and contrasuppressor activity"? and 
on T-cell-derived factors responsible for contrasuppression?'!^. 
Although the gene(s) that code for I-J are not known, strong 
evidence from studies with alloanti-I-J and monoclonal anti-I-J 
antibodies clearly associate this molecule with T., cells. When 
splenic Lyt-1* T-cell-enriched fractions from C3H/HeJ mice 
were treated with anti-I-J* and C, T,,-cell activity was completely 
lost (Fig. 3). We conclude that reversal of oral tolerance in 
C3H/HeN mice is mediated by Lyt-1*,27, V. villosa*, I-J** 
effector T., cells. 

The T-cell fractions prepared by the various treatments 
described above were also effective in restoring tolerant 
C3H/HeN spleen cells to IgM, IgG and IgA anti-SRBC PFC 
responses in vitro. Lyt-1*, V. villosa-adherent T cells supported 
in vitro PFC responses of all isotypes, while the V. villosa-non- 
adherent, Lyt-1* T,,-cell-enriched fraction was ineffective (Table 
1). Additional treatment of Lyt-1* T cells with anti-I-J* and C 
or with anti-Lyt-1 and C eliminated T,,-cell activity. Thus, 
studies in vitro confirmed our results with adoptively transferred 
Т cells, and clearly showed that the active T cell is Lyt-1*, V. 
villosa-adherent and I-J**. 

The present results suggest that regulatory T- T-cell interac- 
tions determine the outcome of the host response to systemically 
administered TD antigen. Mice rendered orally tolerant to SRBC 
exhibit T, cells, which override T,,- B-cell interactions and result 
in unresponsiveness?", The finding that active T,, cells from 
non-tolerant C3H/HeJ mice convert tolerant C3H/HeN mice 
to responsiveness clearly indicates that oral tolerance to SRBC 


is largely mediated by T, cells. Implicit in this argument is the 
presence of Т, cells in tolerant mice, which fail to function in 
the absence of T, cells, and T,-cell-regulated systemic un- 
responsiveness ensues. However, Т. cells, together with residual 
T, cells, overcome T,-cell-mediated tolerance and produce 
anamnestic-type responses to systemic antigen. Although we do 
not understand why LPS-nonresponsive C3H/ HeJ mice exhibit 
enhanced T,,-cell activity to orally administered SRBC, it is 
tempting to suggest that endogeneous gut LPS diminishes Ta- 
cell induction, perhaps via effects on inducer or transducer 
precursors of T,, effector cells in Peyer's patches of normal 
LPS-responsive hosts. 

Other studies?? have suggested that T,, cells act on Тұ celis 
to render them resistant to suppressor cell influences, and the 
studies reported here are consistent with this. Our past work 
has shown that residual Т, cells occur in both Peyer's patches 
and spleen of orally tolerant mice*’; however, suppressor T-cell 
activity was dominant. These Т, cells, in the presence of effector 
T. cells, may be able to bypass oral tolerance. Alternatively, it 
remains possible that T,, cells act at the level of T, cells and 
inhibit their function. In this mode, the T,, cell would also serve 
as a suppressor cell whose target is another suppressor cell. This 
may better explain why small numbers of T,, cells can abrogate 
oral tolerance in vivo. In either situation orally induced Т, cells 
would function to support anamnestic-type antibody responses 
in all major isotypes. 
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Endothelinm-derived vascular relaxing factor (EDRF)! is a 
humoral agent that is released by vascular endothelium and medi- 
ates vasodilator responses induced by various substances including 
acetylcholine and bradykinin’. EDRF is very unstable, with a 
half-life of between 6 (refs 3, 4) and 50 (ref. 5) s, and is clearly 
distinguishable from prostacyclin®. The chemical structure of 
EDRF is unknown but it has been suggested that it is either a 
hydroperoxy- or free radical-derivative of arachidonic acid or an 
unstable aldehyde, ketone or lactone’. We have examined the role 
of superoxide anion (Oz) in the inactivation of EDRF released 
from vascular endothelial cells cultured on microcarrier beads and 
bioassayed using a cascade of superfused aortic smooth muscle 
strips’. With this system, we have now demonstrated that EDRF 
is protected from breakdown by superoxide dismutase (SOD) and 
Си?+, but not by catalase, and is inactivated by Fe?*. These findings 
indicate that OZ contributes significantly to the instability of 
EDRF. - 

We have recently described a method for the bioassay of 
EDRF which allows differentiation between the effects of sub- 
stances on the release, action or stability of EDRF’. Briefly, 
7-14-day-old cultures of porcine aortic endothelial cells on 
microcarrier beads are packed into a chromatographic column 
(2-6 x 10" cells per column) and perfused with Krebs’ solution 
(5 ml шіп”! at 37 °C) gassed with 5% СО,/95% О, containing 
indomethacin (5 uM) to inhibit the biosynthesis of prostanoids. 
The column effluent is used to superfuse in cascade" two to four 
spirally cut strips of rabbit thoracic aorta which are denuded 
of endothelium and contracted with the stable 11,9-epoxy- 
methano analogue of prostaglandin H;, U46619 (30-60 nM), or 
with phenylephrine hydrochloride (50-200 nM). The uppermost 
vascular strip on the bioassay cascade is separated from the 
cells in the column by a delay of 1 s and the subsequent tissues 
are separated from each other by delays of 3s. Nitroglycerin 
(20-200 nM) relaxes alltissues in the cascade when administered 
over the tissues (OT). This compound is used to standardize the 
sensitivity of the assay tissues because vascular relaxation 
induced by nitroglycerin and EDRF, but not by prostacyclin or 
B-adrenergic agonists, is reported to be mediated via activation 
of smooth muscle guanylate cyclase (refs 9, 10). 

Bradykinin (10-100 nM) OT did not affect the tone of the 
rabbit thoracic aorta preparations, but when infused through 
the column (TC), it induced the release of EDRF, which in turn 
relaxed the aorta preparations and disappeared rapidly during 
passage down the cascade (half-life <7 s, Fig. 1). As authentic 
EDRF is not availakle for the construction of standard dose- 
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Fig. 1 Effect of Fe?*, Cu?* and SOD on the relaxation of rabbit 
aortas (RbA) by EDRF. A column packed with a 7-day-old culture 
of endothelial cells (4.2 x 10" cells) was perfused with Krebs' buffer 
(5 ml min“). The effluent was used to superfuse a cascade of four 
rabbit aortas. These preparations, denuded of endothelium and 
contracted submaximally by U46619 (30 nM), were separated from 
the column by delays of 1, 4,7 and 10 s, respectively. The sensitivity 
of the rabbit aortas was standardized by administration of nitrogly- 
cerin (glyceryl trinitrate, GTN) over the tissues (OT). EDRF was 
released by 1-min infusions of bradykinin (B, 20 nM) through the 
column (TC). Infusion of Ғе?” (FeSO,, 1 рМ, OT) abolished the 
vasodilator effect of EDRF without affecting the response to nitro- 
glycerin, indicating the destruction of EDRF by Fe?*. Си?" (CuCl, 
1 uM, TC) caused a relaxation of aorta preparations which dimin- · 
ished down the cascade, revealing the spontaneous release of 
EDRF. In the presence of Cu?*, the EDRF released by bradykinin 
relaxed all the tissues in the cascade. Therefore, Cu** increased 
the survival of EDRF. More than 15 min after the end of the Cu?* 
infusions, the uppermost aorta had still not fully recovered от 
the relaxation. SOD (15 U ml!) infused TC produced a similar 
effect on the basal and bradykinin-induced release of EDRF which, 
in contrast to that induced by Cu?*, disappeared within 5 min of 
terminating the SOD infusion. 


response curves, the magnitude of the EDRF-induced relaxa- 
tions of the vascular strips was expressed as a percentage of 
that caused by a standard dose of nitroglycerin (50 nM, OT). 
The relaxation of the first bioassay tissue induced by bradykinin 
(20 nM, TC)-stimulated EDRF was 111.7 +7.0% (mean x s.e.m., 
n —22) of that of the nitroglycerin standard. These bradykinin- 
induced vascular relaxations were inhibited 47.3 and 76.5% by 
haemoglobin (10 pM, OT; n —2) and 90.2 £2.0?6 by methylene 
blue (50 pM, OT; n —3), confirming that the substance released 
was EDRF”, 

Infusions of SOD (5-30 U mI, TC) caused relaxation of the 
tissues (Figs 1, 3), the magnitude of the relaxation being greatest 
in the first assay tissue (73.0+ 6.6% of the nitroglycerin standard, 

= 15) and decreasing progressively the farther down the cas- 
cade the detector tissue was situated. This relaxation was sig- 
nificantly (Р < 0.05) attenuated when the infusion of SOD was 
changed from TC to OT (48.2+7.5% of the nitroglycerin stan- 
dard, n =6) and was not observed when the assay tissues were 
superfused with Krebs’ solution instead of with effluent from 
the column. Furthermore, the relaxations caused by either SOD 
or bradykinin-induced EDRF were inhibited to a similar extent 
by methylene blue (50 „М, OT) and haemoglobin (10 рМ, OT). 
These data suggest that there is a basal release of EDRF from 
the column which becomes evident when EDRF is stabilized 
by SOD, so that the release of EDRF induced by bradykinin 
occurs against a background of continuous release. 

The stability of EDRF released by bradykinin was markedly 
increased by infusions of SOD (5-30 U mI ', TC), as shown by 
the relaxation of the tissues farther down the. cascade (Fig. 1). 
Thus, the relaxations of the first three tissues were increased by 
1.440.07 (n = 11), 4.05 + 1.00 (n = 11) and 9.3 € 1.3 (n =9) times, 
respectively. Enhancement of the response of the fourth tissue 
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Fig.2 Effluent of a column containing endothelial cells (9-day- 
old culture, 2.6 x 10" cells) was used to superfuse two rabbit aorta 
strips separated by a 3-s delay (as described for Fig. 1). Infusion 
of increasing concentrations of FeSO, (0.1-3 рМ, OT) inhibited 
the effect of EDRF released by bradykinin (20 nM, TC) without 
affecting the relaxation induced by nitroglycerin (100 nM, OT). 
This effect disappeared within 10 min of terminating the infusion 
of FeSO,. 


could not be quantified, as EDRF released by bradykinin in the 
absence of SOD did not reach this tissue. Bradykinin-induced 
EDRF was also stabilized when the SOD infusion was changed 
from TC to OT, although in these conditions SOD was less 
effective (the responses of the first three tissues were enhanced 
by 1.40 0.16 (n = 5), 2.70 +0.98 {n —4) and 3.74+0.97 (и =3) 
times, respectively). The finding that SOD increases EDRF- 
induced relaxations when given over the tissue indicates that 
SOD increases the stability of EDRF; whether it also affects 
EDRF synthesis or release is unclear. The effect of SOD requires 
its enzymatic activity, as boiled (1 min) enzyme did not enhance 
EDRF responses. 

Catalase (30 U mi! OT or TC) did not affect the stability of 
EDRF when given either alone (n =4) or in combination with 
SOD (n —3), indicating that НО; or Н;О;-дегіуей radicals do 
not contribute to EDRF breakdown. Therefore, it appears that 
Оз is a potent inactivator of EDRF and that it is either present 
or produced in sufficient quantitites in our system to inactivate 
EDRF rapidly. 

The idea that the short half-life of EDRF may be a function 
(at least in part) of the concomitant release of EDRF and О; 
by vascular endothelial cells merits further study. It may explain 
the reported differences in the half-life of ЕРЕКЕ”, as these 
may in turn be affected by the ratio of EDRF to Оз ina particular 
experimental system. 

EDRF could also be stabilized Бу Са?" (CuCl, 1-3 uM, OT), 
although less effectively than by SOD. Like SOD, CuCl, was 
more effective at protecting EDRF released by bradykinin when 
the infusion was changed from tissue to column; thus, the 
bradykinin (20 nM, TC)-induced relaxation of the first three 
tissues was increased by 1.35+0.03 (n —4), 1.70+0.65 (n =4) 
and 2.33+0.90 (n=3) times and by 1.50+0.22 (n =4), 2.40+ 
0.40 (n = 4) and 4.2 + 1.44 (п = 4) times, respectively, by OT and 
TC CuCl, (1 uM). In addition, infusions of Си?” alone (TC) 
caused relaxation of the bioassay tissues (in the uppermost 
bioassay tissue this relaxation was 48.0+7.3% (n=6) of that 
induced by the nitroglycerin standard) which was smaller the 
farther the detector tissue was situated from the column, again 
suggesting a basal release of EDRF in these conditions. ZnSO, 
(10 М) did not affect the stability of EDRF in two experiments. 
Mammalian cytosolic SODs are copper/zinc enzymes, of which 
copper is the active species!!, Since low-relative molecular mass 
complexes of Cu?* and Cu?" itself mimic SOD activity in specific 
conditions, this effect of Cu?* is not unexpected. These results 
suggest that Cu?* acts by dismuting Оз directly; whether it also 
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Fig. З Effluent of a column containing endothelial cells (13-дау- 
old culture, 5.4x 10? cells) was used to superfuse two strips of 
rabbit aorta separated by a 6-s delay (as described in Fig. 1 legend). 
The tissues were relaxed by bradykinin (20nM, TC)-induced 
EDRF and by nitroglycerin (20nM, OT). Infusion of SOD 
(15 U mI^!, TC) relaxed the assay tissues. This relaxation could 
be reversed by infusion of increasing concentrations of FeSO, 
(10-100 рМ, OT). 


acts by reactivating? exhausted endothelial SOD”? is not clear. 
However, the finding that the protection of EDRF continues 
for up to 15 min after the end of Cu?* (TC) infusion but not 
after that of SOD (Fig. 1) supports the latter action. It is interest- 
ing that Mn?* (10 pM MnCL, TC), the metal ion in SOD from 
other sources which can also dismute О; (refs 14, 15), was 
inactive in two experiments. 

Our hypothesis that OF destroys EDRF is further supported 
by the observation that Fe?* is a potent and selective inhibitor 
of EDRF. Indeed, FeSO, (0.3-10 uM, OT) dose-dependently 
inhibited the EDRF-induced relaxation of the assay tissues 
without affecting the response to nitroglycerin (Fig. 2). Thus, 
12M FeSO, OT produced а 78.2--9.2% (n=5) inhibition in 
the response of the uppermost tissue to bradykinin (20nM, 
TC)-stimulated EDRF. In addition, Ев?” reversed the relaxation 
of the tissues induced by the basal release of EDRF (observed 
when SOD was given TC). However, in the presence of SOD 
(15U ml, TC) 10-fold higher concentrations of Ғе?" (10- 
100 uM, OT) were necessary to antagonize the action of EDRF. 
For example, the relaxation of the uppermost tissue induced by 
bradykinin-stimulated EDRF was inhibited 95.5 + 0.9% (n =4) 
by 104M FeSO, ОТ in the absence of SOD and 44.0 + 6.5% 
(n =3) in its presence (15 U ml“, TC). Since Ғе?” can catalyse 
the formation of О; in oxygenated phosphate buffer'^, these 
findings suggest that Ғе?" antagonizes EDRF by inactivating it 
via the generation of Oz. Indeed, the pronounced reduction in 
potency of Fe?* in the presence of SOD favours this concept 
(Fig. 3). Ее?" could also inactivate EDRF either directly or by 
generation of hydroxyl radicals from НО; in Haber-Weiss and 
Fenton reactions", although the latter explanation would not 
be consistent with the lack of effect of catalase on EDRF 
stability. 

The effects of Cu?^* and Бе?" on EDRF stability may indicate 
a regulatory role for trace elements in the control of tbe vascular 
system in health and disease. Both prostacyclin and EDRF have 
a homeostatic function in vascular integrity. The findings that 
lipid peroxides and superoxide ions either prevent the 
synthesis’? or destroy the biological activity of these mediators 
suggest a central role for activated oxygen species in the patho- 
genesis of vasospasm, thrombosis and atherosclerosis. 

We thank Sir John Vane for helpful discussion and Ms L. 
Pynegar and Mr N. Foxwell for technical assistance. 

Since this paper was submitted, we havt become aware of a 
preliminary communication by Vanhoutte and Rubanyigl? 
suggesting that SOD increases the half-life of EDRF. 
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The gene segments encoding the constant and variable regions of 
human immunoglobulin light chains of the x type (Cx, V.) have 
been localized to chromosome 2 (refs 1, 2). The distance between 
the C, and V, genes and the number of germline V, genes are 
unknown. As part of our work on the human V, locus (refs 3-6 
and reviewed in ref. 7), we have now mapped two solitary V, gene 
and a cluster of three У, genes to chromosomes 1, 15 and 22, 
respectively. The three genes that have been sequenced are non- 
processed pseudogenes, and the same may be true for the other 
two genes. This is the first time that V-gene segments have been 
found outside the C-gene-containing chromosomes. Our finding 
is relevant to current estimates of the size of the V,.-gene repertoire. 
Furthermore, the dispersed gene regions have some unusual charac- 
teristics which may help to clarify the mechanism of dispersion. 
To elucidate the human V, locus, we prepared hybridization 
probes for the four known V, subgroups??? and used them to 
isolate more than 150 different V, -gene-containing cosmids from 
genomic DNA libraries. Several genomic regions each of about 
100 kilobases (kb), altogether about 1,200 kb, comprising 75-80 
V. genes, could be defined with the help of overlapping cosmids 
and ‘genomic walking’ experiments (refs 4-6 and H.-D.P. et al. 
and B.S. et al., manuscripts in preparation). Subclones prepared 
from the various regions were then hybridized to a panel of 
digested DNAs from human-rodent cell hybrids. As expected, 
most of the regions mapped to chromosome 2 but three regions 
were found on chromosomes 1, 15 and 22, respectively (Figs 1, 
2); accordingly, we named them Chr1, Chr15 and Chr22. 
Genomic regions Chr1 and Chr15 contain V, genes of sub- 
group I according to comparative hybridization experiments of 
cosmid digests with probes of different V, subgroups. Based on 
a comparison of their restriction maps with the map of a related 
gene which has been sequenced (R. Thiebe, unpublished), the 
V.I genes are non-processed genes or pseudogenes. Also, the 
absence of a C,-gerfe segment from the cosmids of the two 
regions (and from all our other cosmids) argues against the 
presence of a processed pseudogene. No other V, genes were 
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found on the cosmids of regions Chr! and 15 or on cosmids 
extending these regions in the upstream direction by about 30 kb. 

The finding of several hybridizing EcoRI fragments in digests 
of DNA from the chromosome 15-containing cell hybrids (Fig. 
2 legend) suggests that chromosome 15 contains several copies 
either of the whole Chr15 region including the V,I gene or of 
only the region around the search clone used in the hybridization 
experiment. In the latter case, the V, I-gene region must have 
been inserted in the neighbourhood of one of the copies of this 
low-repetitive, chromosome-specific sequence. 

Region Chr22 contains a cluster of three V, genes (Fig. 1). 
The V.I gene (Fig. 3) contains mutations in its start codon and 
in the conserved heptanucleotide sequence!?-'?, It also carries 
a 7-base pair (bp) insertion in framework region 3 (FR3), which 
has probably been created by a duplication. Two stop codons 
were found in the V,II gene; an insertion and a deletion have 
to be assumed in order to obtain a good fit of the invariant 
amino acids”. Also, the У, ПІ gene is a strongly diverged 
pseudogene. We assign it to this subgroup because it hybridizes 
weakly with a V, III probe (21-4 in ref. 5) and not at all with 
probes of other subgroups. Also, the invariant amino acids fit 
this subgroup better than the others. Peculiar T-rich sequences 
appear at the end of the gene and in the downstream region. 

А genomic region containing a cluster of eight V, genes which 
is, at least in part, duplicated within the genome? and a C,-gene 
probe were included in the present study for comparison. The 
localization of C, to chromosome 2 (ref. 1) was confirmed and 
the У, -вепе region was also located on this chromosome (Fig. 2). 

The possibility that the search clone and У, -репе regions have 
become associated artefactually can be excluded for Сһг1 and 
Chr22 because these genomic regions were constructed from 
several independently isolated cosmids which were identical in 
the overlapping parts (Fig. 1). Ligation artefacts were extremely 
rare in the many cosmids that we have isolated from our libraries, 
and so it is very likely that the Chr15 structure, although based 
on oniy one cosmid, also represents a continuous genomic 
region. 

We estimate roughly, based on counting of cloned and 
chromosomally located genes, that about 10% of the human V, 
genes are located outside chromosome 2. However, the propor- 
tion cannot be determined exactly for the following reasons: a 
fair number of our cloned V, genes are still not sufficiently 
characterized; it is difficult to establish the completeness of 
library screening experiments; restriction analyses of cosmids 
‘containing dispersed V, genes suggest that some sequences are 
present on the respective chromosomes in more than one copy; 
and finally, the size of the duplicated section of the У, locus 
on chromosome 2 (ref. 6) is not known. A different approach 
to the question, hybridization of V,-gene probes to the panel 
of human-rodent cell hybrid DNAs, did not yield clear results 
mainly because of cross-hybridization of.the human V, genes 
(У.І, У.Ш) with rodent V, genes and because of the limits of 
sensitivity ( V, II). On the basis of our present data, we conclude 
that a small but significant fraction of the human V, genes is 
dispersed outside chromosome 2. 

In addition to the dispersed V, pseudogenes described here, 
some human V, pseudogenes have been found on chromosome 
2 (see, for example, refs 4, 6), while others exist which have not 
yet been mapped to specific chromosomes". The dispersed 
pseudogenes are more widely diverged from the potentially 
functional genes than are the pseudogenes located on chromo- 
some 2; they are perhaps no longer or less subject to the 
surveillance by gene conversion-like processes which occurs 
between adjacent or more distantly located genes of a locus 
(see, for example, refs 3, 4, 15). Distinct from the non-processed 
pseudogenes are the processed genes that arise by transcription 
and retrotranscription events and which are quite common 
among several gene families (reviewed in ref. 16). Processed 
human АС, (J, joining; ref. 17) and C, (refs 18, 19) pseudogenes 
have also been found, but, notably, no processed V pseudogenes 
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оп several chromosomes. Тһе restric- 
tion maps of the genomic regions are 
derived from the cosmids indicated | Chr1 
in the figure. All cosmids were iso- 
lated from libraries prepared from 
the same DNA (ref. 4 and H.-D.P., 
unpublished data). Cosmids are indi- 
cated by horizontal lines, У,-репе 
regions by boxes, search clone 
regions by circles. The 5'-3' polarity 
of regions Chr1 and Chr15 is based 
on map homology (vertical dashed 
lines) to another genomic region (not 
shown) in which the V.I gene was 
sequenced (R. Thiebe, unpublished). 
The search clones (in M13; ref. 21), 
which were selected for the absence 
of repetitive sequences, are a 1.0-kb 
ВПІ Clal fragment (Chr1), a 1.4- 
kb ВеПІ/ Belli fragment (Chrl5) 
and a 1.3-kb BamHI/ XhoI fragment 
(Chr22). Detailed maps of the sub- 
cloned regions and additional map 
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have been detected. This may reflect the fact that V-gene seg- 
ments are probably not transcribed in the germ line. 

The mechanism of dispersion of V, -gene regions is unknown. 
For other gene families, two mechanisms in addition to retro- 
transcript insertion and recombinational events have been con- 
sidered; these are gene conversion-like processes and the disper- 
sion of transposon-like elements (reviewed in ref. 20). The 
presence of long but imperfect repeats in the flanks of several 
V.I genes* indicates that such genes may have functioned as 
transposon-like elements. Also, the evolutionary history of a 
mixed V,I, V.II, У, gene cluster is best discussed in terms 


Fig. 2 Chromosomal location of V.-gene- 
containing regions. The subcloned fragments 
of regions Chri, Chr15, Chr22 (Fig. 1) and 
fragment 21-1 of the region with eight V, genes 
(refs 4, 6; called the L region because of the 
occurrence of the repetitive L sequences next 
to the V.I genes/ were self-ligated and 
used as hybridization probes. A panel of 27 
mouse-human cell hybrids was generated by 
fusion of mouse RAG or A9 cells and human 
fibroblasts originating from various transloca- 
tion carriers??? and characterized by isozyme 
and cytogenetic analyses for the presence of 
human chromosomes and chromosome frag- 
ments, as described previously?". In addition, 
two human-chinese hamster cell hybrids gener- 
ated by fusion of V79 cells with human lym- 
phocytes from a male (46, XY) donor were 
included in the segregation analysis. Hybrid cell 
DNAs were digested with EcoRI, separated by 





of intrachromosomal transposition events’. The presence of V, l 
genes on chromosomes 1 and 15 may be explained by an inter- 
chromosomal transposition, although gene conversion-like 
events cannot be excluded. The transposition of a V, gene cluster 
to chromosome 22 is difficult to explain by either mechanism. 
Perhaps a novel type of recombinational mechanism must be 
considered in this case. As the dispersed V, genes do not 
contribute directly to the repertoire of potentially functional V, 
genes, studies on the size of the V,-gene repertoire must not 
only count the genes but also determine their chromosomal 
location. 
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agarose (0.8%) electrophoresis and transferred to Biodyne A membranes (Pall Filtrationstechnik, D-6072 Dreieich). Hybridization of 
nick-translated probes was as in ref. 5 except that the SDS content of the solutions was 0.595 and the final wash solution contained 0.5 SSC. 
In these conditions, the probes did not hybridize to rodent DNAs. The EcoRI fragments of genomic DNA which are detected in the panels 
have the following lengths (in kb): Chrl, 2.1; Chri5, 6.2, 9, 12, 20, >20 (and 4 weak bands; the 9-kb fragment is derived from the 
V.-gene-containing region as represented in cos 118); Chr22, 3.4; L region, 8.2, ~20. All fragments detected by one of the four probes, 
respectively, segregated concordantly in individual hybrid clones. The segregation analysis of the fragments and human chromosomes in the 
panel, part of which is shown in the figure, allows the regions detected by the probes to be assigned to chromosomes 1, 15, 22 and 2, respectively 

Filled spaces indicate the presence of the chromosome, half-filled spaces indicate that part of the chromosome is present, and empty spaces 
indicate that the chromosome was not detected by biochemical and cytogenetic analyses. Clone A9 Call 1-9-9 contains a fragment of chromosome 
2 (qter-p23) and shows bands with the L-region probe 21-2. Hybrid clone RAG GM 97 8-13 retains the fragment Іртег-412 and shows the 
band detected by Chri. These findings allow us to submap the regions to parts of chromosomes 1 and 2, respectively. 
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a 
TGITCCTATGCTGAGTTACTGAGATGAGCCAGCCCTGCAGCTATGCCCAGCCTGCTCCACTCCCTGCTGATTAGCATGTTCCCAGBAGCACAGCCCCCTRGC 


L 











ThraseAl aArdAlaPraThrGlntLeuteuGlytey oul 
CCTGAAGAETICTTAATAGGCTGGTCACACCCTGTOCAGGAGTCARCCCCAGTCAGGACACAGCACGRACGCGAGGGCCCCCACTCAGCTCCTGGGRCTC -154 
LeuGlvyLeuTreLeuProG -4 № 
CTGGGGCTCTGGCTGCCAGGTAAGGAAGGAGAACACTAGGAATTTACTCAGCCAGTGTOCTCAGTACAGCCTGGCTCTTCAGOGADGRCTTCTTATAAAT -54 
Я L Je 
% hy ThrArsArdAgelleGlntetThrGlnSerFraSerSerLeuSerAlaServalGl 16 
GATTGATTATGTAGATGTTITGTTTTTATGTTTCCAACC TCAGGIACCAGACGTGATATCAGATGACCCAGTCTCCATCCTCCCIGICIGCATCTGIAGG 47 
. CDK1 FR2 
wAsPArsUalThrlleThrCvsGlnUalSerHisSerIleSerAsnLvsL euUalTrrTsrO1nGlnLssProGlsLvsAlaProThrLeuLeuTloHis 4? 
AGACAGAGTCACTATCACTTGCCAGGTOAGTCACAGCATTAGTAATAARATTARTCTDGTATCAGCABAAACCAGGGAAARCCCCTACTCTCCTARTTCAT 147 
CUR2 FRI n3 Н 
AlaAlaThrlvsLeuGlnThrG1sUa I ProSerTrrPheSerSerSerBInSerülvIhrAspPheThrLeuThr1leSerSerLeuGI nEro( 7l 80 Fig. 3 Sequence of the У,1 (а), 
GCTGCAACAAAACTOCAGACGGGGGTCCCATCCTGGTTCAGTAGCAGTCAATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGCAGCGT 247 VII (b) and У, Ш (c) pseudogenes 
__[eurs of the genomic region Chr22. The 
AspAspLeuAlathrivriyrlyrGinGinhi stursertyrFro өз i H Я 30 
BATGATTTGGCCACTTATTACTATCAACAOCATTACAGTTACCCTCCTACTGTOTTGCAAGTGATAARCATAAACCACACADGGAAGCAGATGTGTGAGGC 34? chain termination method" was used 
with M13mp10 and 11 subclones 
18GGCTOCCCCTOCTGCTCCTCCTOOTOCCCTCATCTOCTOADAGCAATTCTCAAATTGCAGTCAAACTTTGAARGTCATTOGAAADTTTTGOTAGAAGG 447 of cos 120 and 653; both strands were 
sequenced throughout. The sequen- 
b cing strategies and additional 
AGATCTTGAAAATAGAGTTTCOTACTGGCTAGTAAATTOTGCATTCATTTTARAAAGTCTACTTTTGATGATATAAATCTAAACTTGAAAAARTACBTAA -96 sequence information (a further 
" FRÍ 500 bp upstream and 640 bp down- 
jlsSerSerGlsasell 2 stream of the V,I region; 420bp 
CTOTAAATGAATATCATAAGOGAAATCATOAAAGTTGCTCATAGTDTGTCTATATAACCTTACACTTCTTTCATGTTATTTCAGGGTCCAGTGGBGATAT 5 upstream and 380 bp downstream of 
m ET ui 22-9 Ro EVE E the У, Ш region) are reported else- 
eReinetinrGlnThrProLeuSerLeuLeuUValThrProGly $ LeuAlaSerlleSer Cus ArsSerSerHisSerl euValTyrarsGlvGlu 29 h 25 Th : : : 
TATGATGACCCAAACTCCACTCTCCCTGCTCGTCACCCCTGGATAGCTRGCCTCCATCTCCTTCTRCAGGSTCTAGTCACAGCCTTGTATACAGGGGGGAA 105 where". e latter information is 
FR2 спк2 js also being deposited at the EMBL 
а Thrurleu — {reTurbeuGinLysProGlyGinSerieuGlnLeuleulleTwrleuValleuAsnAruAl sSeralsvalProAsmaral euS 63 Data Library, Heidelberg. The V, H 
TAAACCTATT TOTI TOATACETACAGAAOCCAQAELAATCICTAANCTCCTAATCTATTI ROT TYTGAACCRREC ETE TRKANTGCRNU NEM 204 gene was not sequenced up to the қ 
= | leader region. Sequences underlined 
erO1vSerOlvSerOluIhrAsePheThrleuLvs1leSerárdUs]GluAlaGluAseUalGlwValTurHisCusMetGlnAlaLeuGinThrPrs 95 31 
TTGGCADTOOG TCAGGCACTGATTICACACTGAAAATCAGCCGGGTGGAGGCTGAAGATGI TGEGGT I TATCACTGLCATGCAAGCICTACAAACTLCICC sda are related to the pd and dc boxes", 
TATA box? and the hepta- and non- 
CACAGTGGTACAGCCCCCARAABAAACCTCCCTCCTGTGGCATCCCAGCTGCTCACATGCACTGCTTGTCTGGGGAGCAGCTCAGCAGOGTCTCTGGGTE 404 anucleotide boxes!!!? as well as 
the invariant amino acids”. A line 
TGCAGAACAGBAOGTTCTTAAG 25% above amino-acid symbols indicates 
that an invariant amino acid has been 
с replaced by another amino acideIn 
CTOACCTOACCACTTOGUCAGGOGCTTCTCAATGAAAAAAAGAGGARGCAGTOGTCTCTGCAGCTAGAAGCACAGCAAGTCCAATGCTTCTTTBCATOTT -339 the V.II and VIII genes insertions 
L are indicated by brackets and dele- 
MetOluAlaPr -17 1 1 * 
CCTCCCAGCCATGCTGCTGTTCADAGCCCATATCAATACCTGGGTCAGAACTCADGOCAAGCACTGCTCAGTTAGGACAAGAGABACTCATGGAAGCCCC -219 tions by triangles. *, Stop codon. L, 
пея FR and CDR designate leader, 
ofSerOlnLgut guCusLeuLeuTvrSerSerSerGl -3 framework and. complementarity- 
ATCTCAGCTICTCTGCCTCCTGTACTCTAGCTCCCARGTBAGGROAAGAGGABATOOCTCTACACTGAAACTCTCTCAACCTTOTTGGTTCCTCTGACCT -139 determining regions, respectively. 
GOCATCCCTGCTGAGCAAGAACAGTAATTATAATTCAGTGTAGATTAGTGACTGTOGTTATACTATGAAGATTOTOGGCTTGATGCAGTTTATATOAOTG -39 
L FR) O — TEET a, ES 
alProProfiluL ssl euCusl.eule Lal пері еийербег| еибегі еибегбего} vL vsArsas»Ser! 21 
ATTTTCCTGTTTTATTCTAATCTCATGTCCCTCCAGAGARGTTATGCTIGATGCARTCTCTTGACTCCTTGICTTTGTCTTCAGDGAAAAGAGACTCTC 62 
[ewe FR2 FR2|CDR2 
ulleCws s1CusSerGInSerlleülvSerSerl euAlaTreTwrO1nfülnLvsPruG] sLssalaProTeePheLeulle % GluIhrSerAsnárs $4 
FATCTGTGTGTGCAGTCAGAGCATTGGCAGCTCCTTAGCCTGGTATCARCAGAAACCTGGARAAGCTCCCTGGT TCCTCATCTAAGGCACATCCAACADG 162 
ғыз 59 62 
MaInrSerileleufilsFheSerfüluHisGluLeuüTuThrAsePheThrTieThrIleSerCvsLeuLwsPro 80 
CCACTAGCATCCTGGGGTITAGTGGTCATGGATTGGAGACAGACTTTACTATCACCATCAGCTGCCTGAARCCTAABATTTTTCACTTCTTTOTCTTTT 262 
A 
ITITTAATCTTIGTTIGTTTAAAGTCTGTTTTGTCAGAAACGGTAACCCCTTCTTTTTTCTGTTTTCCATTTCCTTGOTAGOTTTTTCTCCATCCCTTTA 362 
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The protein products of several transforming retroviruses as well 
as the receptors for several hormones and growth factors, including 
insulin, have been shown to possess a protein kinase activity in 
vitro specific for tyrosine residues in protein substrates, including 
themselves (see ref. 1 for a review). In the case of pp60° and the 
insulin receptor, autophosphorylation activates the tyrosine kinase 
activity towards exogenous substrates" ^. Experiments indicate 
that, in vivo, many of these viruses or growth factors induce an 
increase in cellular phosphotyrosine, as well as an increase in the 
phosphorylation of serine residues on proteins, including ribosomal 
protein S6. It seems likely that some of the effects of insulin might 
be mediated by phosphorylation of intracellular substrates by its 
receptor. As the B subunit of the receptor is a transmembrane 
protein”, such phosphorylation could occur either while the receptor 
is stil in the membrane or after its internalization. In various cell 
systems, internalized receptors are degraded, reshuttled back to 
the plasmalemma or maintained i in a separate compartment before 
reinsertion in the membrane"; shuttling of the insulin receptor 
could provide the opportunity for it to phosphorylate various 
intracellular componenís as part of its mechanism of signal trans- 
duction. To approach directly the question of whether the receptor 
can elicit a signal while acting at an intracellular location, we 
have microinjected Xenopus oocytes with the insulin receptor 
kinase. The results indicate that an S6 protein-serine kinase is 
stimulated or an S6 protein-serine phosphatase inhibited by the 
activity of the insulin receptor, supporting the concept that the 
insulin receptor acting within the cell can elicit a biological 
response. 

Oocytes possess insulin receptors? and respond to insulin by 
increased intracellular pH, increased phosphorylation of pro- 
teins, including ribosomal protein S6, and increased protein 
synthesis?-!, The phosphorylation of serine in S6 is increased 
in oocytes following the microinjection of purified pp60"^'*, the 
protein- tyrosine kinase responsible for transformation by Rous 
sarcoma virus’ or the purified protein- tyrosine kinase involved 
in transformation by Abelson murine leukaemia virus". Xenopus 
oocytes must therefore possess the regulatory pathways utilized 
by exogenous protein-tyrosine kinases to cause S6 phosphoryla- 
tion. To obtain further evidence for this, the phosphorylation 
of S6 was examined after microinjection of insulin receptors 
into oocytes. The receptor preparation eluted from insulin- 
Sepharose was highly purified as judged by gel electrophoresis 
and silver staining (Fig. 1B). (However, this purified form of 
the solubilized insulin receptor does not necessarily represent 
the state of the receptor after internalization in a target cell.) 
Following microinjection of receptors with bound insulin, the 
phosphorylation of S6 increased rapidly to about threefold that 
of control oocytes (Fig. LA). The response is unlikely to be due 
to leakage of insulin from the injected oocyte because all data 
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Fig.1 S6 phosphorylation following microinjection of insulin-receptor 
kinase into Xenopus oocytes. A, Time course of increase in S6 Phe 
Чоп. Insulin receptors purified by affinity chromatography 1100 ug ml ! 
and incubated with 100nM insulin were microinjected into each at 
25 oocytes preinjected with 50 nl of ??Р, (200 mCi ml 1) Contrel (0 ume: 
oocytes were injected with 100 nM insulin, img ml ! bovine serur albumin 
(BSA) іп the receptor kinase buffer. At the indicated times ribosomes were 
isolated and subjected to SDS-gel electrophoresis. Тһе S6 band was :denufied 
by autoradiography, excised and counted. B, Silver-stained gel of the purified 
receptor preparation. 
Methods. Receptors were purified from a fresh full-term human p!acenta by 
a modification of the method reported by Petruzelli et а126 Briefly, the 
placenta was washed in phosphate-buffered saline, diced and homogenized 
in a Polytron homogenizer for 1 min. Following centrifugation ut 600. for 
5 min, the supernatant was centrifuged at 50,000g for 2 h and the membrane 
pellet resuspended іп 25 mM HEPES pH 7.5, 0.25 M sucrose, 1 mM МС. 
0.1 mM phenylmethylsulphonyl fluoride, 100 mg ml bacitrac.n and 1°. 
Triton X-100. After 1 h at 4°C, the membranes were re-centrifuged at $0,000g 
for 2 h and the supernatant was diluted fivefold in 25 mM HEPES, 110 mM 
NaCl, 3mM KCl, 0.9 mM MgSO, 1.4 mM CaCl, 2mM EDTA, 005% 
Triton Х-100 and applied to a 10-ml column of wheat-germ agglutinin- 
agarose (Vector Laboratories). After extensive washing of the co'umn with 
the dilutiug buffer, the receptor was eluted at room temperature with buffer 
containing 0.3 М N-acetylglucosamine. Fractions were collected in ice cold 
tubes and those containing receptors were identified on the basis of specific 
insulin binding and autophosphorylation of a 95,000- M, component in the 
presence of insulin. The pertinent fractions were pooled, dialysed against 
25 mM HEPES pH 7.4, 5 mM NaH;PO,, 30 mM NaCl, 0.2% Triton Х.100, 
10mM imidazole, 50% ethylene glycol, and stored at – 30°С A typical 
preparation had an insulin binding activity of 30 pmo] mg |, and a specific 
activity for phosphorylation of a tyrosine-containing polymer ( Glo-Tyr. 1:4) 
of 38 pmoi per min per mg. For affinity purification, a preparation purified 
through wheat-germ agglutinin chromatography was adsorbed to and eluted 
from an ínsulin- Sepharose column by a modification of the method of 
Fujita- Yamaguchi et a/2?. The purified receptor was concentrated by adsorp- 
tion on a small column of DEAE-cellulose and eluted with a small volume 
of 40 mM imidazole pH 7.2, 10% glycerol, 250 mM NaC}, 0.2% (v/v) Triton 
X-100 (ref. 14). The receptor had a specific activity for insulin binding of 
3,850 pmol пр”! and for phosphorylation of 300 nmol per min per mg using 
as substrate a synthetic peptide corresponding to the autophosphorylation 
site of pp60"*'* (ref. 14). The receptor was stored in small aliquots at -70°C 
Incubation of the preparation with [ y-??P]ATP plus Мп?” and Mg?" resulted 
in the phosphorylation of a 95,000- M, protein and this phosphorylated 
material could be immunoprecipated with antiserum to the insul.n receptor 
(antiserum B9 kindly provided by Dr C. Ron Kahn, Joslin Diabetes Center, 
Harvard Medical School). For microinjection experiments, the receptor was 
activated by addition of insulin to 10^" M followed by incubation at room 
temperature for 15 min. Control incubations were with insulin alone in the 
kinase buffer containing 1 mg ml"! BSA. After the 15-min incubation, the 
preparations were kept on ice before being loaded into the microinjection 
needle. Experiments demonstrated that this procedure activated the tyrosine 
kinase activity of the receptor as judged by autophosphorylation Procedures 
for isolating oocytes and ribosomes are described elsewhere?. Silver staining 
of polyacrylamide gels was carried out using a Bio-Rad silver-stain kit. 


are expressed relative to controls injected with insulin in the 
receptor kinase buffer. Maximal increases in S6 phosphorylation 
were observed earlier than has been reported for oocytes treated 
with hormones’, and by 3 h after injection, S6 phosphorylation 
had returned to ‘the basal level. Phosphoamino-acid analysis of 
S6 from receptor-injected oocytes revealed exclusively phos- 
phoserine while incubation of 40S subugits with the receptor 
kinase and [ y-"?P]ATP in vitro produced no S6 phosphorylation 
(data not shown). 
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Fig.2 Insulin stimulation and dose dependence of S6 phosphorylation by 
injected receptor kinase A, Insulin stimulation of S6 phosphorylation by 
injected receptor kinase. Insulin receptors purified through chromatography 
on wheat-germ agglutinin agarose were microinjected with or without 
100 nM insulin pretreatment into each of 50 oocytes. For insulin pretreat- 
ment, the receptor preparation was incubated for 15 min at 22 *C with 100 nM 
insulin, 1 mg 17! BSA or the BSA vehicle only. S6 phosphorylation was 
determined as described in Fig. 1 legend except that oocytes were incubated 
for 4h with 0.5 mCi т]! *?P before injection of the receptor instead of 
being microinjected with зр, The use of incubation labelling accounts for 
the lower level of radioactivity in S6 compared with Fig. 1. The background 
c.p.m. in S6 (40 c.p.m.) in oocytes injected with buffer containing 100 nM 
insulin have been subtracted from the values shown. IRK, insulin receptor 
kinase; I, insulin. B, Dose dependence for S6 phosphorylation by injected 
receptor kinase. Receptors purified through affinity chromatography on 
insulin-Sepharose were diluted in the kinase buffer (Fig.1) containing 
100 nM insulin plus 1 mg т]! BSA. А 60-ni aliquot of each dilution was 
injected into each of 30 oocytes and the level of S6 phosphorylation deter- 
mined by gel electrophoresis and autoradiography as described in Fig. 1 
legend. The concentration of insulin receptor injected (рр ml!) was: lane 
1, 1; lane 2, 2; lane 3, 5; lane 4, 10; lane 5, 20; lane 6, 50; lane 7, 100. 


The insulin receptor possesses appreciable basal protein- 
tyrosine kinase activity. As Fig. 2A shows, the receptor kinase 
was able to cause some increase in S6 phosphorylation in the 
absence of bound insulin, but its activity was doubled after 
pretreatment with insulin. This degree of stimulation is compar- 
able to the degree of insulin stimulation of the phosphorylation 
of a synthetic peptide substrate in vivo’. The increase in 56 
phosphorylation was dose dependent (Fig. 2B); receptor prepar- 
ations diluted more than 100-fold were unable to cause S6 
phosphorylation, while maximal change in S6 phosphorylation 
was induced with the most concentrated form of the receptor. 

Although the response to microinjected receptor was very 
rapid and the receptor was not injected as an endocytotic vesicle, 
it was important to evaluate the possibility that injected insulin 
receptors might be rapidly reinserted in the plasma membrane 
after microinjection. Several types of experiment were carried 
out to assess this possibility. Previous studies in adipocytes and 
hepatocytes have demonstrated that insulin receptors photo- 
labelled with !25I-NAPA-DP-insulin (2 nitro, 4-azidophenyl- 
acetyl des-Phe-B1-insulin) can be used to monitor recycling of 
insulin receptors in target cells$!5-!5, Such recycling is measured 
by the loss or reappearance of trypsin-sensitive radioactivity on 
the intact cell surface as well as by the appearance of degraded 
forms of immunoprecipitable receptor which migrate on poly- 
acrylamide gels with discrete relative molecular masses 
(M,s)'*18, Table 1 shows that more than 90% of the injected 
photolabelled receptor was resistant to trypsin treatment of 
intact oocytes when S6 phosphorylation was maximal. 
Moreover, immunoprecipitation of receptors from injected 
oocytes revealed no degraded forms (data not shown). When, 
in other experiments, injected oocytes were homogenized and 
fractionated by differential centrifugation, less than 2% of the 
injected receptor was present in the plasma membrane fraction 
(Table 1). These results make it very unlikely that increased S6 
phosphorylation is a result of the action of injected receptors 
that are reinserted in the plasma membrane. 

In vivo, S6 exists in multiply-phosphorylated forms containing 
up to 5 mol phosphate, per mol S6. Using a two-dimensional gel 
system designed for resolution of basic ribosomal proteins, 56 
and five of its derivatives corresponding to increasing numbers 
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Table 1 Effect of trypsin treatment on insulin receptors 
in injected oocytes Е 





Source —Trypsin T Trypsin 
Oocytes 485 450 
Oocytes 352 339 
Oocytes 407 341 
Immunoprecipitate 340 338 
Fraction 96 Total c.p.m. 

Pi 6.37 0.16 
P2 1.88 +0.42 
P3 6.40 +1.03 
S3 85.02: 0.58 





NAPA-DP-insulin was prepared as described previously!$. Oocytes 
(25 per group) were microinjected with 'I-NAPA-DP-labelled insulin 
receptors, incubated for 30 min at 24°C, and some groups were then 
exposed to trypsin (200 pg 17! final concentration) for 30 min at 4°C 
followed by extensive washing and addition of 2mg ті! soybean 
trypsin inhibitor. In each of three experiments, injected oocytes were 
counted in a y counter before and after trypsin treatment. From a total 
of 52 trypsin-treated and 52 trypsin-untreated oocytes from two experi- 
ments, solubilized material was extracted in a solution containing 2% 
Triton X-100, 10 mM benzamidine, 2mM phenylmethylsulphonyl 
fluoride, 1,000 kIU ml! aprotinin and 2 mg ші”! bacitracin, pH 7.4. The 
labelled insulin receptors were immunoprecipitated by incubation of 
the soluble extract with anti-insulin-receptor antibody for 16h at 4°C 
followed by a 1-h incubation with protein A. The numbers in the upper 
portion of the table refer to the c.p.m. with and without trypsin treatment 
in intact washed oocytes and in immunoprecipitates of receptors from 
oocytes. In the lower portion, using a photolabelled receptor preparation 
of higher specific activity, the percentage of injected receptor c.p.m. in 
different oocyte fractions is presented (+s.e.m., n — 4). P1 is material 
sedimenting at 1,000g for 15 min, P2 sedimenting at 10,000g for 20 min, 
P3 sedimenting at 165,000g for 20 min, and S3 material soluble fter 
centrifugation at 165,000g. Fraction P2 has been demonstrated pre- 
viously to contain nearly all the plasma membrane on the basis of 
membrane-associated enzyme activities”. 


of phosphate groups were visualized'?. Each derivative contains 
a unique phosphopeptide relative to the preceding derivative, 
which suggests that phosphorylation of S6 is ordered. Con- 
sequently, the distribution of ?P; among the derivatives of S6 
gives an indication of its phosphorylation state independent of 
total 22Р, content. In control oocytes injected with insulin (1 pM) 
alone in buffer, after 90 min most of the phosphorylated S6 was 
in derivative a (1 mol P; per mol S6), with a small amount of 
b derivative detectable. This is the same pattern as seen in 
uninjected oocytes. In oocytes injected with insulin receptor 
kinase, derivative b was the predominant labelled species, with 
significant amounts of the more highly phosphorylated deriva- 
tives c and d visible (Fig. 2B). In order to visualize the deriva- 
tives, the autoradiograph in Fig. 2A was exposed for a consider- 
ably longer period than in B. Hence the increase in S6 phos- 
phorylation in response to the injected insulin receptor is not 
apparent in Fig.3. Following external application of insulin 
(Fig. 2C) or progesterone (Fig. 2D) until the time of germinal 
vesicle breakdown (5 h), all the S6 molecules became maximally 
phosphorylated, as reported previously””°. These results indi- 
cate that phosphorylation of S6 in response to insulin receptor 
kinase reflects the increasing phosphorylation of individual S6 
molecules as well as an increase in the number of ribosomes 
labelled in oocytes. 

The experiments reported here support the concept that the 
insulin receptor can elicit a biological response while acting at 
an intracellular location, possibly including the inner surface 
of the plasma membrane. Although the receptors caused an 
increase in S6 phosphorylation in the absence of insulin pretreat- 
ment (Fig. 2), the factthat insulin stimulated peptide phosphory- 
lation and S6 phosphorylation to the same extent (Fig. 2 and 
ref. 14) suggests that the protein kinase activity of the receptor 
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Fig. 3 Two-dimensional gel electrophoretic analysis of 56. зар. 
labelled oocytes were microinjected with buffer containing 1 рМ 
insulin (A) or with insulin receptors eluted from wheat-germ 
agglutinin-agarose and incubated with 100 nM insulin (В), or 
treated with external insulin (14M, С) or external progesterone 
(10 M, D). The arrow marks the position of unphosphorylated 
S6 and the letters a-e refer to S6 derivatives containing increasing 
numbers of phosphate groups. 

Methods. Ribosomal proteins for two-dimensional gel electro- 
phoresis were extracted as described previously’. ??P-labelled 
samples for two-dimensional gel electrophoresis were mixed with 
unlabelled carrier Xenopus oocyte ribosomal protein (unphos- 
phorylated S6) and Xenopus eggs (phosphorylated S6). Ribosomal 
species corresponding to the unphosphorylated form (indicated 
by an arrow) and derivatives corresponding to increasing numbers 
of phosphate groups (designated a-e for 1-5 mol phosphate)!012! 
were assigned on the basis of the Coomassie blue staining pattern 

of the co-electrophoresed ribosomal carrier protein. 


is responsible for its ability to cause S6 phosphorylation. The 
fact that S6 is phosphorylated at serine residues while the insulin 
receptor is a protein-tyrosine kinase, coupled with the finding 
that in vitro the receptor alone was unable to phosphorylate 40S 
subunits, implies that the activity of a protein-serine kinase or 
phosphatase may be regulated directly or indirectly by tyrosine 
phosphorylation. However, we cannot exclude the possiblity 
that some activity of the receptor other than tyrosine phosphory- 
lation is involved in stimulating S6 phosphorylation. 

We examined $6 phosphorylation in these studies because it 
is stimulated by external administration of insulin to oocytes 
and other cells?!921-23 The exact function of S6 phosphorylation 
in protein synthesis is not known, although recent evidence from 
cultured cells indicates that ribosomes containing maximally 
phosphorylated S6 are preferentially utilized for polyribosome 
formation during serum or hormonal stimulation of protein 
synthesis”. Hence, the insulin-indüced phosophorylated S6 may 
be related to the stimulatory effect of this hormone on protein 
synthesis in the oocyte'?, In addition to S6 phosphorylation, 
other insulin effects commonly observed in target cells have 
been examined in oocytes, including elevation of intracellular 
pH due to Na/H exchange at the plasma membrane and activa- 
tion of glycogen synthase, but only intracellular pH was affected 
by external application of insulin®'®. Neither of these activities 
was affected by microinjection of the insulin receptor kinase 
(data not shown), which suggests that the mere presence of 
insulin-receptor kinase inside the cell is insufficient to obtain a 
complete insulin response. However, in its solubilized form the 
microinjected receptor kinase may not be accessible to all the 
cellular compartments necessary to induce the entire set of 
responses to insulin. 

The present results clearly demonstrate that the insulin recep- 
tor kinase can elicit at least one insulin effect while acting at 
an intracellular location. Sequence analysis of the human insulin 
_ receptor gene has demonstrated a significant degree of homology 
Ах ху the src family of oncogenes?, and other studies show that 
ррб0°* and the epidermal growth factor receptor have overlap- 
ping substrate specificities in vitro with the insulin-receptor * 
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kinase, while antisera to pp60"*'^ are able to immunoprecipitate 
the insulin-receptor kinase?*, Since pp60"** is able to cause 56 
phosphorylation in oocytes, it is possible that the ability of the 
insulin receptor to cause S6 phosphorylation in oocytes reflects 
an overlapping substrate specificity with oncogene protein 
kinases. The ability of three different protein-tyrosine kinases 
to cause S6 phosphorylation after injection into oocytes clearly 
provides a system for investigating whether a common substsate 
is phosphorylated to increase S6 phosphorylation. Analysis of 
oocyte substrates for protein-tyrosine kinases and of odcyte S6 
protein kinases should elucidate the importance of tyrosine 
phosphorylation in transduction of the insulin signal and the 
action of insulin-receptor kinase inside cells. 
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Ca?* accumulation and release from intracellular organelles is 
important for Ca^*-signalling events within cells'". In a variety 
of cell types, the active Ca^*-pumping properties of endoplasmic 
reticulum (ER) have been directly studied using chemically per- 
meabilized cells? 5. The same preparations have been extensively 
used to study Ca?* release from ER, in particular, release mediated 
by the intracellular messenger inositol 1,4,5-trisphosphate 


. (InsP,) 757-7, So far, these studies and others using microsomat 


membrane fractions^!'?-!5 have revealed few mechanistic details 
of Са?" release from ER, although a recent report! indicated that 





а. LETTERSTONATURE 


InsP;-mediated Са?” release from liver microsomes may be depen- 
dent on GTP. In contrast to the latter report, we describe here the 
direct activation of a specific and sensitive guanine nucleotide 
regulatory mechanism mediating a substantial release of Ca?* 
from the ER of cells of the neuronal cell line N1E-115. These 
data indicate the operation of a major new Ca?* gating mechanism 
in ER which is specifically activated by GTP, deactivated by GDP, 
and evhich appears to involve а GTP hydrolytic cycle. 

Recent detailed studies? using N1E-115 neuroblastoma cells 
permeabilized by brief treatment with 0.005% saponin, have 
revealed that Ca^* is accumulated within ER via a high-affinity 
(АТР + Mg?*)-dependent Са?" pump, which is distinct from 
that established in earlier studies as functioning in the neural 
plasma membrane!"?, Under approximately physiological 
intracellular conditions (cytosolic free Са?“ (0.1 pM), K*, Na*, 
Mg” and pH), the addition of 10 „М GTP induces a large and 
rapid release of Ca?*. Figure 1 shows the remarkable effective- 
ness of GTP on Са?" release from within N1E-115 cells. In 
these experiments, cells removed from culture dishes, permeabil- 
ized and equilibrated with intracellular medium, were loaded 
with ^5Ca?* to equilibrium for 4 min via operation of the ATP- 
dependent Са?" pump, as described previouslyS. Addition of 
10 pM GTP caused a rapid release of over 50% of the total 
Ca^* accumulated within cells, the effect being almost complete 
within 20 s (Fig. 1a). Other nucleoside triphosphates (ITP, ATP 
and CTP) added under identical conditions were ineffective. 
Moreover, similar experiments revealed that guanosine, GMP, 
3',5'-сусііс GMP, 2',3'-cyclic GMP and UTP have no effect at 
concentrations up to 100 uM. As shown in Fig. 1a, GTP-induced 
Са?” release was as rapid as that mediated by the Са?" ionophore 
А23187. However, whereas the ionophore released 85-95% of 
the total accumulated Ca?* from permeabilized cells, the effect 
of GTP was always partial, consistently releasing 65-7596 of 
ionophore-releasable Ca?*. GTP had no effect on either the 
initial rate or affinity of the (АТР+ Mg?^^)-dependent Са?" pump 
within permeabilized N1E-115 cells. 

Са?" release from permeabilized cells is highly sensitive to 
GTP. Thus, half-maximal activation of release occurred at 
~0.8 АМ GTP, the effect being maximal at 10 рМ (Fig. 1b). As 
the incubation mixtures all contained 1 mM ATP (required for 
Ca** uptake), the effect of GTP is remarkably specific. Identical 
GTP-sensitivity was observed using either purified muscle GTP 
or synthetic GTP formed by phosphorylation of purified GMP. 

The effects mediated by other guanine nucleotides indicate 
that the process of Ca?* release involves GTP hydrolysis. Thus, 
as shown in Fig. 2a, the non-hydrolysabie analogue of GTP, 
guanosine 5'-(B,y-imido)triphosphate (GppNHp), at 20 pM 
was unable to induce Са?” release. Similarly, guanosine 5'-O-(3- 
thio)triphosphate (GTPyS) up to 100 М had no effect (see 
below). In view of this apparent requirement for terminal phos- 
phate hydrolysis, it was perhaps surprising that 20 yM GDP 
induced an almost maximal release of Ca?* (Fig. 2a). However, 
this occurred over an extended time period (several minutes) 
and only after a lag of ~30 s before significant Са?” release was 
observed. This effect is explained by conversion of GDP to GTP 
catalysed by nucleoside diphosphokinase activity, with the high 
ATP concentration serving as a phosphoryl donor (see Fig. 2b). 
Thus, when 1 mM ADP (effective at blocking diphosphokinase 
activity with an inhibition constant K; of 26M; ref. 20) was 
added together with GDP, the action of the latter was completely 
abolished due to the lack of its enzymatic phosphorylation to 
GTP. On the other hand, ADP had no effect on GTP-mediated 
Са?" release, nor did it alter equilibrium Ca?* accumulation in 
the absence of guanine nucleotides. Guanosine 5'-O-(2- 
thio)diphosphate (СрРВ5), a GDP analogue which does not 
undergo phosphorylation, was also ineffective in inducing sig- 
nificant Ca?* release. 

Most importantly, GDP is not only ineffective in directly 
inducing Са?" release, but is in facta highly effective and specific 
inhibitor of GTP-mediated Са?" release. Thus, as shown in Fig. 
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Fig. 1 Nucleoside triphosphate specificity (a) and GTP-depen- 
dence (b) of Ca?* release from permeabilized N1E-115 cells. 
Conditions for the growth, permeabilization and uptake of Ca?* 
for both experiments were similar to those described previously$. 
Briefly, cells cultured in Dulbecco's modified Eagle's medium with 
10% fetal calf serum for 12 days, were removed from culture dishes 
using D, medium (137 mM NaC), 5.4 mM KC], 58 mM sucrose, 
5.5 mM glucose, 0.17 mM Na;HPO,, 0.22 mM КН,РО,, pH 6.8) 
and resuspended in intracellular-like medium (ІМ; 140 mM KCl, 
10 mM NaCl, 2.5 mM MgCl, 10mM HEPES-KOH, pH 7.0) at 
2x 10° cells mi™. After treatment with 0.005% saponin for 10 min 
at 37 °C, permeabilized cells (comprising 98% of total cells) were 
washed three times with saponin-free IM. a, Permeabilized cells 
resuspended at 0.37 x 10° cells пі”! were incubated at 37°C in 
gently stirred vials containing 1.5 ml of 10 uM CaCl, (with 80 Ci 
per mol Ca), 1 mM ATP, 3% PEG (relative molecular mass 6,000) e 
and 48.7 (М EGTA (to give 0.1 „М free Са?+). Mitochondrial 
inhibitors used previously? were omitted as uptake at 0.1 М free 
Са?" comprises a negligible mitochondrial component. ATP- 
dependent uptake of Ca?* within the cells proceeded for 4 min, at 
which time duplicate samples (200, each) were immediately 
removed either before or at the indicated times after addition of 
10 M GTP (О), 10 рМ ITP (А), 10 pM СТР (A), 10 uM ATP 
(Y), 54M A23187 (V) or IM control (6), each in 1% of the 
remaining volume. Each 200-41 sample was immediately diluted 
into 2.5 ml of IM containing 1 mM LaCl, at 4°C, and separated 
on glass-fibre filters (type 31, Schleicher & Schuell) which were 
rapidly washed twice with 2.5 ml of La®*-containing IM. Results 
are Са?” release as a percentage of maximal uptake immediately 
before addition (in this assay, 1.135: 0.074 пто! Ca?* per 106 
cells). b, The conditions for Са?" uptake were the same as for а 
except that cells cultured for 11 days were present in the assay at 
0.54x10Ócells ті, ATP-dependent Са?” accumulation pro- 
ceeded for 5 min at 37 °С, and release of Ca?* after addition of 
the indicated concentration of GTP was for 4 min in each case. 
Each result is the mean + s.d. of six measurements (triplicate deter- 
minations taken from two separate vials at each GTP concentra- 
tion). The mean Ca?* accumulation for all vials at the end of the 
5-min uptake period was 1.4163-0.101 nmol Ca?* per 10° cells. 


2c, 100 АМ GDP (a concentration which saturates diphospho- 


kinase activity, and consequently is not significantly converted 
to GTP) or GDP£S completely blocked the action of GTP. 
However, at the same high competing concentrations, GppNHp, 
GMP and ITP were all ineffective in blocking the action of GTP, 
indicating the considerable structural specificity for molecules 
interacting with the GTP site. The blocking action of GDP 
further implies that GTP hydrolysis is involved in activation of 
Са?" release, since, if GDP is formed and remains at least 
transiently associated with the active site, then a high concentra- 
tion of added GDP may inhibit GDP release and hence prevent 
further GTP association. If GTP hydrolysis is required, why 
does GppNHp not block the action of GTP? The answer seem -";, 
to be that this particular GTP analogue may simply not be, 
recognized by the GTP site. In contrast, GTPyS completely 
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Effect of various guanine nucleotides 
ease of Са?" from permeabilized NIE- 
Experiment.a: @, buffer control; O, 
GTP; А, 20рМ GppNHp; A, 20M 
IP; V, 54M A23187. Experiment b, @, buffer 
trol; ©, 10M GTP; A, 104M GDP; 0, 
mM ADP; W, 10 uM GTP with 1 mM ADP; 
А, 104M GDP with 1 mM ADP; V, 10uM 
GDPAS; V, 5M A23187. Experiment с, 0, 
^V buffer control; О, 3 „М GTP; А, 344M GTP 
S. with. 100 uM GppNHp; A, 34M GTP with 
^ 1004M GDP; V, 34M GTP with 1004M 
7 ОМР;/Ш;3 pM GTP with 100 pM ITP; 0,3 pM 
| GTP with 100 uM ОТРу5; ©, 3 рМ GTP with 
00 uM GDPBS; V, 5 рМ А23187. Total Ca** 
Ccumulation in the vials immediately before 
the additions іп experiments а-с was 2.162 
9.122, 1.505:0.124 and 1.316: 0.086 nmol 
Са?" рег 10% cells, respectively. 
^. Methods, Cells were loaded with Са?” under 
+ the conditions described in Fig. 1 legend, except 
>that the incubations contained 9-14-day cul- 
tured cells at 0.24-0.52 x 10° cells ml^'. Addi- 














Calcium release (96 of maximal uptake) 


0 


tions were made at the end of 4-min uptake periods, incubations being continued for the times indicated, followed by rapid additi 
La**-medium and filtration, as described in Fig. 1 legend. 


blocks the action of GTP (Fig: 2c), indicating that this triphos- 
' phate can indeed bind to the GTP site, its ineffectiveness substan- 
` tiating the requirement for terminal phosphate hydrolysis in the 
activation process. 
`. Support for the contention that GDP interacts with the same 
' site as GTP derives from competition studies (see Fig. За). Thus, 
the effects of two concentrations of GDP (10 and 100. EM) on 
“the GTP-dependence of Са?" release were examined in the 
vpaesence of ADP (to inhibit conversion of GDP to GTP). The 
results show that GDP induces only a decrease in sensitivity to 
"GTP with no change in its maximal effectiveness. Thus, 
Lineweaver- Burk analysis ( Fig. За, inset) revealed a change only 
i in the apparent K,, for GTP (~0.75 aM in the absence of GDP), 
dicating a simple competitive inhibition by GDP, with a К, 
< of3.1 pM. The ability of both GTP and GDP to associate with 
the same site constitutes further evidence that a hydrolytic 
reaction occurs. 
5 The specific inhibition by GDP provides an important means 
-of determining the relationship between GTP-dependent Ca?* 
“release and that mediated by InsP,. Thus, the permeabilized 
SNIE-A15 cells: demonstrate а rapid Са?” release response to 
. As shown in Fig. 35, the release induced by 10 pM InsP, 
“remained unaltered even in the presence of 0.5 тм GDP 
| (Fig. 3b), indicating an important distinction between the two 
‘rélease mechanisms. An even more significant difference is 
_ reflected by the temperature-dependence of GTP-induced Са?" 
, release (data not shown) whereby the rate of GTP-mediated 
Са?” release, normally conducted at 37 °C, was reduced fourfold 
А at 19°C, and to virtually zero at 2?C; this contrasts with the 
> recently described temperature-insensitivity of InsP,-induced 
release" , and suggests strongly that. an enzyme mediates 
of guanine nucleotides on Са?" release. 
5 Егот Figs 1-3 it is clear that GTP never mediates 10096 
release of ionophore-releasable Ca**. There are several possible 
jlanations for this effect, including: (1) reduction in the 
$ availability of GTP; (2) a change in the releasability of internal 
: Ca** after GTP addition; (3) refractoriness of the release 
_ Mechanism; and (4) the existence of discrete subcompartments 
.of ER. The study described in Fig. 4 resolves certain of these 
| possibilities. Thus, the re-addition of GTP after maximal GTP- 
mediated Ca^* release resulted in no further release of Са?” 
rom the cells, whereas application of ionophore at this time 
Чеззей all remaining releasable Ca^*. These results indicate 
ist, that lack of GTP is not limiting, and second, that the 
al Ca? 




























* remains fully releasable. That the release mechan- 
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оез in fact remain activated is implied by re-addition of. 
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ATP (to compensate for any ATP loss during the 
after GTP-mediated release, whereupon no re-üptak 
was observed. This view is extended by the importa 
tion that addition of GDP after GTP-mediated rele 
the release process and resulted in at least partial r 
tion of Са?” (Fig. 4, inset). This result: indicates tha 
competing for the regulatory site and preventing ef 
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Caicium release (пто! per 10 cells) 


[GTP] (uM) 





Fig. 3 Effect of СЮР on the concentration-deper 
mediated Са?" release (a) and on InsP,-mediated. 
(b) from permeabilized NIE-115 celis. Experimenta 
were as described in Fig. t legend. a, Cells cultured 
were present at 0.21 x 10° cells mi^, апа Са?” номд i 
for 5 шіп, followed by а 2-тіп period of. Са?" 
presence of 1 mM ADP and the indicated Eros : 
together with either 10 рМ (©) or 100 pM (8) GDP. 4 
dent Ca?* release was the difference between Са?” ve 
presence and absence of GTP, each result being M 
of triplicate determinations. Total Са?” accu 
the vials immediately before guaniné nucleotide 
1.544::0.135 nmol Са?" per 10° cells. Inset, ! 
analysis of the data, together with data оп о 





0,5 mM GDP; A,10 aM InsP, with 0.5 г 
- Total Са? accumulation in cach vial before additio 
0.060 nmol. Са? per 10° celis. 
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flects of GTP, GDP, ATP and А23187 on Са?” release 
rmeabilized cells after maximal GTP-mediated Са?" 
ells cultured for 10 days were present at 0.66 x 10° cells 
with initial Ca^* accumulation proceeding for 5 min. At this 
0) Ca^* release. was measured after addition of either 
fer (8), 10 M GTP (О) or 5 aM A23187 (V), for the 
ted. Additional vials which had been subjected to 
10M GTP for exactly 5 min, received further addi- 
s time of either control buffer (8), 10 4 M GTP (О), 
WD or 5 «M. A23187 (V), release proceeding for the 
cated. Total Са?” accumulation in each of the vials before 
dditions Was 1.170: 0.182 пто! Са?” per 10° cells. The 
ows an identical experiment in which maximal release of 
lated Са?” was effected with 10M GTP for 5 min, fol- 
dition of either control buffer (8), 500 pM GDP (A) 
A23187 (9). In this experiment cells were present at 
cells mI^', and Са?" uptake before GTP addition was 
0.8222 0.048 nmol Са?" per 10° cells. 


" and/ or GTP reassociation, the release mechanism 
| to an inactive state, allowing Са?” to be retained 
ER. 

m fact that GTP consistently induces only partial 
* with. respect to total releasable Са?” probably 
беу of the Ca?*-sequestering organelles, an 
0 that observed for InsP,-mediated Са?” release 
neabilized N1E-115 cells and other cells! ^59-!?. The 
ctiveness of GTP alone in inducing Са?" release 
bilized cells contrasts with the apparent lack of 
he nucleotide on liver microsomes as reported by 
cept in the presence of InsP,. This difference is 
ot accounted for by the types of preparation used, 
lone also induces substantial Са?” release from N1E- 
erived microsomes, as we recently described”. 
differences in the levels of endogenous InsP; could 
'for such a divergence, the effectiveness of InsP, (half- 
at 0.5 pM) i in inducing Са?" release from permeabilized 
lls in the absence of GTP militates against this 
ion. Dawson’ also showed that in order for GTP to 
| effect оп InsP,-mediated Са?" release from liver micro- 
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tion of different membrane and/or protein components of ER, 
which may become dissociated or damaged during homogeniz- 
ation of the cells. Since microtubule assembly i is both. promoted 
by PEG” and dependent on GTP hydrolysis”, one hypothesis 
was that polymerization or attachment of microtubules might 
be involved in the Ca^*-release mechanism. However, when the 
microtubule assembly inhibitor colchicine was added to the cell 
growth medium and/or included in the release assay, it neither 
blocked nor prevented the GTP-mediated Ca^* release. 

These results provide direct evidence for a specific guanine 
nucleotide- regulated Ca** release mechanism in ER which 
requires GTP, is competitively inhibited by GDP, and probably 
entails GTP hydrolysis. GTP-induced Са?” release is sufficiently 
large and rapid to indicate the operation of a channel across 
the ER membrane. However, the activation of such a channel 
appears to be controlled by a temperature-sensitive enzymatic 
reaction involving GTP hydrolysis. Although at present it is 
unclear whether a simple GTPase activity regulates activation 
or whether phosphorylation of a regulatory protein occurs via 
a GTP-dependent kinase reaction, the effect of GDP on reversing | 
the system suggests the former mechanism. Such a mechanism 
resembles A pem nucleotide regulation of adenylate cyclase 
activation”, with GDP stabilizing a non-activated state, GTP 
effecting activation (with submicromolar sensitivity), and inter- 
conversion between the two states being mediated by a GTPase 
activity; however, only in the present case is nucleotide hydroly- 
sis required for activation. This mechanism also indicates that 
the ratio of GTP to GDP may be a determining factor in the 
opening or closing of Са?” channels within ER, the operation 
of such channels thus being directly related to the energy charge 
of the cell. Other regulatory or modifying factors (perhaps 
controlling the GTPase activity) are likely to be involved in the 
physiological control of the GTP-mediated release mechanism, 
particularly as implied by the effectiveness of PEG. Although 
the GTP-mediated release mechanism has been studied under 
conditions іп which it is functionally distinct from InsP,-medi- 
ated release, at least with respect to both GDP-induced inhibi- 
tion and temperature sensitivity, further experiments are needed 
to assess the intriguing possibility that the two mechanisms are 
interrelated. 

This work was supported by NIH grant NS19304 by NSF 
grant DCB-8510225, and by the American Heart Association, 
Maryland Affiliate. We thank Dr Robin Irvine for supply of 
InsP;, and Drs Martin Rodbell and Dermot Cooper for helpful 
discussions and advice. 
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Irochronological dating of 
Netherlandish paintings 


ent paper by Baillie et al.' resolves 
ber of long-standing problems in 
historical! dendrochronology. One of 
first uses of dendrochronology i in the 
istory of art dealt with paintings of the 
Dutch. painter Philips Wouwerman who 
pent all his life in Amsterdam^?, The 
panels were successfully dated using the 
outh German oak tree-ring chronology, 
of only three European long-term oak 
chronologies in existence at the time. Since 
the sixteenth/seventeenth century section 
of the reference series contained timber 
derived mainly from Hesse in central Ger- 
many, the panels were assumed to be from 
trees cut in the Hessian hills and transpor- 
‘ted to the Netherlands. Many of these 
panels had some sapwood remaining, so 
the felling dates of the oak trees were 
estimated using an allowance for sapwood 
of 20+5 years. This figure is of the same 
order of magnitude as one derived from 
some 500 oaks from along both sides of 
the river Rhine’. 
. The problem with art-historical dendro- 
-chronology arose when analysis of oak 
panels.used by Rembrandt, Rubens’ and 
other painters between the fourteenth and 
: the middle of the seventeenth centuries 
révealed a new tree-ring pattern which did 
not cross-match with any of the existing 
oak chronologies. Since most of the tree- 
„ Ting series of these panels matched each 
: other extremely well, a oating chronology 
"covering 530 years was established, and 
this new tree-ring pattern was initially 
thought to be characteristic for the Nether- 
lands. This assumption was supported by 
the fact that the panels of English paint- 
ings showed an identical pattern?, and a 
Browing region along both sides of the 
< Channel was envisaged. It seemed 
Б unlikely that the timbers had been impor- 
ted into the Netherlands since this would 
“Mean that trade connections from the 
fourteenth to the seventeenth century 
always brought timbers from the same 
source. But it was striking that no painting 
‘from later than around 1650 could be 
und with the new tree-ring pattern. 
attemptto tie down this alternative 
chi ogy, a complete Netherlands tree- 
ring chronology was constructed back to 
BAD 1036". However, the alternative tree- 
fing pattern still failed to crossdate with 
he Netherlands chronology. It became 
arent that two tree-ring chronologies 
d for the Netherlands: Type I, rel- 
0 building timbers; and Type H 
el paintings. The position in time 
Type H chronology was assigned 
asis of some ring patterns which 


ato show similarities with both 





























the meantime a number of new long- 
-oak chronologies have come into 


existence, so that from South Sweden 
through Central to Western Europe a 
dense grid of reference material is now 
available". In the light of this new 
material and with a better understanding 
of the degree of similarity which can be 
expected between chronologies from dis- 
tant localities, the idea that the Type П 
tree-ring pattern derived from the Nether- 
lands became increasingly untenable. 
Within the natural distribution of oak 
in Europe (Fig. 1) the eastern Baltic coast 
represents the most likely export source 
for oak timbers to the Netherlands. 

















Fig. 1 The areas of the natural distribution of 
oak. Distribution of Quercus robur L. 
(European oak) is shown as a heavy line, and 
Quercus petraea Liebl. (sessile oak) as an inter- 
rupted line. European oak goes further north- 
east than sessile oak. The source of oak timbers 
of type 11 tree-ring pattern and the places of 
their utilization as panels are indicated 
(arrows). 





Table 1 Ten dendrochronologically dated panels of Rembrandt: paintings 












According to historical 
evidence’ t the Vistula river (А 
and its tributaries made i 









English Type A art-historical: 
(which matched ‘with Noi 






the timber had derived fr m fe 
Europe, possibly "Poland or Litt 
definitive dendrochronological pro 
still missing. 
In an attempt to finally resolve th 




































torical buildings, from 
objects and archaeological 
North Poland around 
chronology has now been c 
from 1985 back to AD 1000. 
300 tree-ring series. This chrom 
ches the Type П chronolo 
‘r value of 6.5 anda per 
variation of 60%. The Typ ^ 
now covers the time span from 
1643 and thus has to bes 
towards the present from 
tentative placement. 

With the origin of the Type ii 
resolved it is interesting l 
occurrence. They are pres 
Amsterdam’, Brussels”, 
Lübeck (Eckstein, unm 
confirming the trade conne 
cated in Fig. 1. Timbers 3 
ring pattern have only on 
as building timbers in 
supports the view tha 
oak was exported in the f 
and boards. An explanation 
H timbers are never found. 
be seen in the consequen 
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before correction 


M witha sapwood 
Time tree rings sapwood allowance of 

Paintings signature altogether rings 2 Syt 
Br. 486 
Anna accused by Tobit 
of stealing the kid 1626 254 5 i225 
Br. 489 
Samson betrayed by 
Delilah 1628 277 6 1623 4 $ 
Вг. 2 
Self-portrait 1629 132 5 18309 
Вг. 165 
Aelbert Cuyper 1632 168 9 163035 
BR. 152 
Old man with a 
gold chain 1632 132 4 16145 5 
Br. 157 А 
Self-portrait 1632 133 7 163223 
Br. 159 
Portrait of з man 1632 185 4 16335 
Br. 336 
Cornelia Pronck, wife 
of Aelbert Cuyper 1633 184 3 1632468 
Br. 206 
A man in oriental 
costume 1635 309 и Hess 
Br. 211 
A man in Polish costume 1637 188 7 agi 
SE E 1 ОИ 


Each dated panel has a time signature; the former and the new range for the felling + year of tire ouk tress are 


into account the respective sapwood allowances. 



















































































jod allowance arises. А preliminary 
‘the number of sapwood rings 
O oaks, from North Poland, results 
‘dian value of 15 with 50% of all 
ying between 13 and 19, the lower 
per extremes are 9 and 36, so far. 
dication of a west- east gradient of 
ing sapwood rings’ is thus suppor- 
the basis of the new placement-in- 
he new sapwood allowance the 
ng of ten Rembrandt paintings are 
marized in Table 1. All ten panels have 
ipwood remained and the paintings 
an authentic time signature. Since 
ugh the correction a net-shift of only 
ar resulted, there are no serious 
historical consequences for the respec- 
ngs. All these considerations 
' apply to the English art- historical 
ads of the same tree-ring pu but 





d furniture"? vin ring patterns 
Dutch?, French? or West Ger- 
e are unaffected as are dates for 
anels bearing paintings by artists 
5 Lucas Cranach” , and stringed 
ents of spruce”. 

thank the Polish Academy of 
PAN) in Warszawa and the Ger- 
icademic Exchange Service 
>) in Bonn for their generous finan- 
sport. This work contains parts of 
dissertation of T.W. 
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Dating of art-historical 
artefacts 


FROM statistical studies, Baillie et al.' pro- 
pose the re-dating, which we accept, of 
oak tree-ring chronologies’ referred to by 
us as Type A, and make suggestions, to 
which we here add information, concern- 
ing the provenance of the timber and the 


‘relevance of absent sapwood to the dating 


of artefacts of art-historical interest in 
northern Europe?” 

The first suggestion is that oak timber 
exported westward from east Prussia and 
Poland to Flanders and England was used 
for the panels of many late mediaeval 
paintings now in Flanders and England. 
The Type A chronologies largely derived 
from the timbers cover the years AD 1250- 
1550, which coincides with the activity of 
Hanse merchants^". We find further sup- 
port for the Baltic provenance in that the 
species of oak of many such panels have 
affinity to pedunculate oak, which is more 
prevalent than sessile oak in eastern 
Europe’. This evidence derives from wood 
structure analysis on the exposed edges of 
the panels with rings sufficiently wide 
(>2mm) to permit classification by the 
method of Huber et al”. Introgression of 
the two species being common in north- 
west Europe", ? it is not feasible to identify 
the species for many samples, but finding 
an affinity to one or the other is possible. 
Our finding that Type A panels have 
affinity to pedunculate oak is relevant to 
the poor match noted between Type A and 
Type H (sessile oak) chronologies. This is 
consistent with the finding of Cousens’ 
that woodlands dominated by peduncu- 
late oak exhibit greater variability than 
those with sessile oak. 

‘The other points of Baillie et al.’ con- 
cern first, movement of our Type A 
chronologies forward by 4 years, and 
second, the relatively low number of sap- 
wood years on Baltic oak. We suggested 
the former at one time'® but for various 
reasons replaced it with chronologies in 
other positions. However, we substantiate 
the dating of Type A chronologies now 
proposed by Baillie et al. Their second 
suggestion was deduced from Quercus 
robur on Finnish sites for oak 120 yr old 
and confirms what has already been repor- 
ted for sapwood by Bráthen!' for west 
Sweden. Brathen examined mediaeval oak 





from excavations at Lódse оп the Gotha 1 
River and for 69 trees found means of 16 
yr (range 13-21 yr) for trees 100-200 yr 
old, and 20 yr (range 14-23 yr) for older: 
trees. In contrast to the research on sessile 
oak referred to by Baillie, and on modern 
oak in Ireland and north-west England, 
our experience for pedunculate.-oak in 
southern England in Bagley ' Wood" and 
for mediaeval? and Roman” 
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times indi- 


cates that trees of fast growth-—that is, 
with wide rings—have relatively few sap- 
wood rings. 


The interesting suggestions raised by 


Baillie et al. have added to our knowledge, 
and the long-standing problem of dating 
Type A chronologies of slow growth has 
been resolved. The suggestions do not sig- 
nificantly affect our results for Tudor and 
other paintings on panel, for which our 
aim has been to derive the probable date 
to within 15-20 yr. 


J. M. FLETCHER 


20 Tullis Close, 
Sutton Courtenay, 
Abingdon, Oxfordshire OX14 4BD, UK 
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Matters Arising 


Matters Arising is meant as a vehicle. 
for comment and discussion about 
papers that appear in Nature. The 


contribution should initially send his | 
manuscript to the author of the ori- 
ginal paper and both parties should 
wherever possible, agree on what is 
be submitted. Neither contributi 
nor reply (if one is necessary) sho 
be longer than 500 words and t 
briefest of replies, to the effect tha 
point is taken, should be consider 
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Pharmacia has put together a DNA synth- 
esizer attuned to tight budgets. The Gene 
Assembler system includes micro- 
processor control, a printer, two reaction | 
columns and an absorbance monitor at an 
introductory price of $16,499 (US) (Read- 
er Service No. 100). The p-cyanoethyl 
phosphoramidite reaction effects syn- 
thesis with greater than 98 per cent accura- 
cy, producing oligonucleotides longer 
ban 140 bases. Pharmacia managed to 
ep the system's expense down by incor- 
ating their own chromatographic com- 
nts and keeping wiring and plumbing 
>. They have also cut corners on the 
dition cycle time, which is slightly 
n 10 minutes, and their software 
t allow for direct sequence coding 
‚Т and С. The two-column as- 
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synthesizer 


“DNA 


а 5 monitors 
p efficiency 
however, is a useful extra that 


ore expensive systems do not 


tomated synthesizer from Systec | 
up base additions to as little as 5 
s while maintaining high coupling 
cies and reagent consumption at a 








“ғ new gene machine 





NEW ON THE MARKET— 


Familiar sights in fresh relief 





Ir looks like a still from a monster movie, 
but this image, captured by IBT Dubilier’s 
liquid metal focused-ion-beam column, is 
just a very close look at a horsefly’s foot. 
The FIB-50 is the first commercially avail- 
able column of its kind to achieve a resolu- 
tion below 50 nanometres (Reader Service 
No. 102). The above micrograph demon- 
strates the instrument’s performance in 
scanning ion microscopy. Samples, includ- 
ing insulators, require no preparation 
beyond mounting. 


The FIB-50 uses gallium, which melts at | 





cost of less than $1.00 per cycle (Reader 
Service No. 101). Systec’s assembler 
works with any current phosphate or phos- 
phite methods, and any scale from ^ to 10 
uM. Menu-driven software and a colour 
CRT terminal make the Microsyn-1500 a 


pleasure to use, but not without a price: | 


Systec’s introductory offer for the system 


is $28,600 (US). Oligonucleotides well in | 


excess of 100-mers can be constructed and 
the controlled glass pore columns are re- 
usable. Systec’s assembly does not include 
a monitoring system, however, that would 
stop the synthesis if an incomplete coup- 
long took place. 


Bits and pieces 


Supercoiled nucleic acid markers alleviate 
the need to digest DNA for sizing. Gibco 


| BRL has increased its range of markers to 


include supercoiled DNA and RNA ‘lad- 


ders’ in broad size ranges (Reader Service | Polymeraid system, at 








New DNA probes hit the mark, pH sens sensors go micro, and an advanced focu used-ion-beam column reveals à 
startling lands 'ape in even the most ordinary of objec ts. 





37°C, as its liquid metal source, and a two 
lens focusing system that incorporates 
beam steer and stigmator electrodes. IB T" 
ambitions for the $400,000 column go be 
yond its arresting imagery to the semi 
conductor industry, where their precise 
ion beam may be able to repair the masks 
used in chip manufacture. With present 
technology, expensive circuitry templates 
are discarded when worn. lon beam mask 
repair could save the silicon set plenty of 


time and wasted energy, reaping rich г 

wards for its British originators 

No. 103) Eleven supercon ismid 

from 2 to 16 kb long compr е DNA 
marker package, and the RNA ladder 

will size RNA between ! id 9.5 ki 

Gibco also sells a single b RNA 
marker for use in gauging the eff 

reverse  transcriptior of Ч Th 

markers are sold in 25 to 75 intit 


Animprovement on nick t а 
creating DNA labelling probes 








Polymeraid makes DNA 
gel fragments 


promoted by P #S Biochemi 


DFOD« 


$135 (US) p 





generates single-stranded probes that in- 
corporate more than 1 х 10 c.p.m. per 
ug from any size restriction fragment 
(Reader Service No. 104). Polymeraid 
uses fragments straight from low melting 
point agarose gels, eliminating the need 
for further purification. techniques. Each 
kitecontams reagents, buffer and nucleo- 
tides for 25 reactions. 

Clontech has added several new cDNA 
and genomic libraries to their stock 
(Reader Service No. 105). The Saccharo- 
myces cervisia X2180 genome is now 
available in lambda gt11 for $360 (US), as 
is mouse spleen cDNA. Human adrenal 
and hepatoma cDNA іп the gt11 vector 
can also be purchased for $450 (US). 
Clontech supplies human lymphocyte 
cDNA in gtl0 for the same price. The 
company hàs many more genomic librar- 
ies and rat, bovine and human cDNA 
pending release on the market. 


CompuGene's DNA sequence gel reader 
uses a ‘talk back’ feature to help prevent 
mistakes in sequence reading (Reader 
Service No. 106). With a pen to encode 
the base order, the analyser never has to 
lift his or her eyes from the gel because 
CompuGene's machine actually says 
which base it has recorded. This system 
hastens scanning considerably, so that 300 
nucleotides can be logged in less than 5 
minutes. Results from two separate read- 
ings can be compared for inconsistencies, 
and a final verified sequence can be stored 
in 15 minutes. The gel reader sells for 
$4,950 (US) with a reading stand, pen, 


Wrrutn this 32-bit chip lies the dins 
know-how for IBM's system/370, the most 
widely used computing instructions for 
their larger and faster mainframes (Read- 
er Service No. 109). Earlier this year IBM 
researchers put 370 instructions directly 
into the microprocessor} read-only mem- 
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digitizer, software and hook-up cables. 


In situ hybridization with fresh or frozen 
cells or tissue can be accomplished 
through autoradiography and Oncor's 
hybridization kit (Reader Service No. 
107). Oncor's kits will label DNA and RNA 
targets with no DNA extraction involved. 
Formalin-fixed, paraffin-embedded sam- 
ples will not take to Oncor's method, but 
almost any other fresh or frozen specimen 
will. A complete starter kit, including re- 
agents, protocol and equipment, costs 
£385 (UK) and will service 20 slide hybrid- 
izations. Stratech Scientific distributes 
Oncor's kit in the UK. 


Acid and alkaline 


World Precision Instruments markets 
hand-made pH microelectrodes with bulbs 


P 


p” 


d 


Big advances for small electrodes 

only 300 um across (Reader Service No. 
108). The *home-brewed' glass WPI uses 
has one-fifth the resistance of the glass 





ory (ROM), and tested its operations with 
the 171 probes radiating from the chip's 
edges in the above photograph. The minia- 
turized ‘mainframe on a chip’ may enable 
desk-top computers to run off the same 
software that’s the driving force behind 
IBM's large-scale computer success. 














typically used in these applic: 
nating noise and improving 
of microscopic measuremen 
sors are available in 20-gaug 
mic needles 0.9 mm in diamete 
ended models with a diameter 
anda stem length of 100 mm. Е 
cost $295 (US) and have a « 
approximately one year. 


The Cobra is a flexible yet 
holder for pH electrodes and o* 


2% 

















The Cobra gets a grip on pH electrode 
(Reader Service No. 110). Its 
base secures a 24-inch arm that 
bend around corners. Whatman 
sells extra vertebrae for the $79 (L 
ra, so that its length can be adju 
instrument's design makes tr 
electrode holders seem awkw: 
may save the occasional solu 
takes a spill when a holder decide 
own way. 


Beckman Instruments has a 
ation electrode with a Calomel r 
half-cell, small enough to fit in te 
(Reader Service No. 111). The F 
features a fill solution that will 
with biological and metallic sampe 
comes with a one-year warranty, 
(US). Its size makes it compati 
almost any glassware used by bio 
Beckman 's electrode won't alter bio-activ 
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. 
The 1986 pH and ‘Conductivity 
easurement Handbook and Encyclo- 
"dia from Omega lists hundreds of pro- 
cts in over 100 full-colour pages (Read- 


pH ANE pe : 
Ph AND DONDUDTIVITY 
MEASUREME ШЕ 


HANDBOU 
нмотао АКО 



















s a pH rundown 


No. 112). The catalogue gives 
ifications, and technical data 
ions covering everything from 
es to data acquisition systems. 
offers catalogues on temper- 
measurement, pressure and 
flow and level. 


ICS 
INE, the database of the Amer- 
tal Society, will get a 2-million- 
251 by mid-1986. Chemical Ab- 
, "ice has made plans to re-key 
Е. ts published between 1967 and 
which were never rendered in 
Pharma, adable form (Reader Service 
lin S ONLINE at present covers 
nals and 6.5 million papers. 
sembly tracts will be available at no 
some Most. CAS charges an initial 
feature.’ fee of $50 (US). with supple- 
iarges for access time and 
An avers, The service includi ж 
speeds „г registry file of 7.6 million 
ffici substances, which can be 
ecic v name or structure. CAS ex- 
ave a more detailed patent file 


ction file in place sometime 
37. 

















'erence searching and citation se- 
, Autoscribe Ltd has a program 
ore author, year, title, source, 
nd key words in any specified 
ic format (Reader Service 
Тһе Martz-BIBLIOFILE uses 
ingth fields with an upper limit 
racters which can be searched, 


a suitable text editing program. 
of disk space holds an average 


NEWONTHE MARKET 


Laser exchange 
goes European 


Wuar happens to lasers that are no longer 
wanted? Europe's first laser exchange 
offers an alternative to abandoned equip- 
ment, and to buyers who'd like to benefit 
from the reduced cost of a system that's 
already been *broken in' (Reader Service 
No. 115). Multic GmbH and its Austrian 
sister company Physiktechnik began coor- 
dinating trade deals between laser owners 
and buyers last summer; since then, Mul- 
tic's Peter Brandstetter says they have lo- 
cated new homes for over 100 lasers and 
laser systems. The exchange publishes a 
newsletter with full descriptions and 
prices. Transatlantic swaps can be ar- 
ranged through Laser Resale, the Ameri- 
can exchange that inspired European 
efforts. Commissions averaging about 10 
per cent are assessed on the seller at a 
transaction's completion; otherwise the 
service is free. 





of 400 references, and a single database 
can be split over two or more disks. 

The software costs £250 (UK), and can 
be used with standard ASCII files in all 
popular word processors. 


Medline and Life Sciences databases 
are no longer just on-line phenomena. 
Cambridge Scientific Abstracts has put 
both collections on compact optical disks 
for use with IBM PCs (Reader Service No. 
116). The disks are updated quarterly and 
sold as a two-disk set, or separately. Med- 
line, a source for biomedical literature, 
operates through an agreement with the 
US National Library of Medicine and the 
Department of Health and Human Ser- 
vices, to provide indexes for about 20,000 
articles every month. The life sciences 
database indexes more than 98,000 ab- 
stracts each year from over 5,000 publi- 
cations. A two-year subscription to both 
collections costs $8,500 (US), including a 
$500 charge for purchase of a CD reader. 
Separately, the Medline database is priced 
at $6,350 with a reader, and the Life Sci- 
ences disk is $3,650. 


Methods memos 


Ciba Corning Diagnostics has a forty-page 
brochure that describes the operation and 
methodology of flame photometry (Read- 
er Service No. 117). A Guide to Flame 
Photometer Analysis outlines the appara- 
tus, preparation and quantitation of alkali 
and alkaline earth metals, and describes 
22 application methods including the de- 
termination of calcium in beer. 


Mass detection can be the most useful 
type of HPLC detection for separations of 
polymers, resins, lipids and carbohy- 
drates. Applied Chromatography Systems 











publishes a bibliography of applications 
for their model 750/14 mass detecjor 
(Reader Service No. 118). ACS's detector 
uses the principle of separating the solvent 
from the sample, then distinguishing com- 
ponents by light scattering techniques. 


B 

To help the potential user judge the 
feasibility of LC/MS techniques, Keats 
Analytical supplies their LC/MS Data 
Compilation Book (Reader Service No. 
119). Kratos’ brochure reviews the appli- 
cations and accomplishments of LC/MS 
techniques, with attention to typical prob- | 
lems and solutions, and represents the 
broad range of research that the technique 
can address. 


The measurement of phagocytosis by 
chemiluminescence has become an impor- 
tant technique in analysing the body's im- 
mune response. LKB Instruments discus- 
ses the principles of such measurement in 
their application note 513, entitled The 
study of phagocytosis and opsonisation 
using luminol-enhanced chemiluminescenee | 
(Reader Service No. 120). The note in- 
cludes exact experimental details on cell 
preparation, reagent specifications and 
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Chemiluminescence news from LKB 

assay equipment. Graphic examples illus- 
trate normal versus defective serum 
responses. ~ 


A new series from Whatman addresses 
themes in thin layer chromatography and 
invites contributions from readers (Read- | 


Whatman Chromatography Folio have to- 
cused on preadsorbent and high perfor- 
mance TLC, describing how to maximize 
the usefulness of these methods. The com- 
plete folio comprises a reference source 
for all chromatographers. 


These notes are compiled by Karen Wright from 
information provided бу the manufacturers. To 
obtain further details about these products, use 
the reader service card bound inside the journal. 






er Service No. 121). Past issues of the | 
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Training for competitiveness 


from Richard Pearson 
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é 
“The same machines and equipment can be bought by anybody; suċcess in the market goes to thosi 
who have a workforce that can use them to best advantage.’ 





INVESTMENT in people i is being se seen as the 
y to economic success once again. The 
19605 saw the growing acceptance of the 
ncept of ‘human capital’ and ‘human 
Sset accounting’, and in the United King- 
dom legislation set up an infrastructure to 
stimulate and manage training, and to re- 
tribute its costs between the trainers 
through the Industrial Training Boards. 
By the late 1970s little progress had been 
sade, the bureaucracies were seen to 
ave taken over, and the incoming Con- 


à "government enacted legislation | 
| led to the demise of most of the | 


ining boards. In the mid-1980s training 


ack in vogue and the publication of | 


Competance and Competition (HMSO, 
84; see Nature 313, 82; 1985) was part of 
| new campaign to boost training in the 
nited Kingdom. It highlighted the Uni- 
ed Kingdom's ‘poor’ training perfor- 
ince relative to West Germany, Japan 
ind the US countries where individuals, 
loyers and the state all placed greater 
e on training, seeing it as necessary 
pital investment, rather than as a cost. 
A survey of UK employers in 1984 
d that while 90 per cent of managers 
gnized the importance of training, 
niy one in three adults had received any 
ing in the previous year. Private- 
tor establishments were estimated to 
spent over £2,000 million on training 
that year, which averaged £200 per 
employee or £575 per trainee. Two-thirds 
training was done on-the-job, the 
through courses, with 4 per cent via 
wu classes and distance learning 
g.1 
Ше the link between training and a 
mpany's performance is hard to prove, 
was shown that high-performance busi- 
$, defined as those that were profit- 
growing and innovating, were twice 
likely to be training their staff as were 
әуе performers. They also trained twice as 
many staff and had increased their volume 
Of training by over 25 per cent in the pre- 
vious five years. By contrast, the low per- 
ormers had cut their training by as much 
, 45 20 per cent over the same period. 
"The most recent major report in sup- 
port of the national training campaign is A 
Challenge to Complacency: Changing 
Altitudes to Training (MSC/NEDO, 1985) 
which sought to identify the ‘why’ of our 
‘Jow training performance and hence the 
scope for encouragfg companies to in- 
Cerease their investment in training. The 
report makes depressing reading. It shows 











employers’ lack of concern about training 
and highlights the widespread ignorance 
among top management as to the scale of 
resources their organization devoted to 
training. Decisions about training were 
predominantly taken by line managers 
who inevitably focused on short-term 
needs. In technical areas this is often 


manifest as a willingness to send people to 
conferences or short courses to pick up the 
latest technology, but a neglect or lack of 
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Fig. 1 Types of training. On-the-job training, 
courses and distance-learning/evening courses 
annually occupy 34 million, 17 million and 2 
million days respectively. (Source: IMS) 


interest in the longer-term development 
of staff. Little attention is paid to the 
analysis of training needs or evaluation of 
its results, and training managers and de- 
partments have relatively low status. 
"Training is seen as a cost and overhead, to 
be cut when profits are under pressure, 
rather than as an investment in the future. 
In Britain, training was cut in the reces- 
sion, while in West Germany and Japan 
the pressure was to increase the level of 
training given. As the remark made by a 
West German employer and shown in the 





introduction reveals, other countries are 
well aware that competitive advantage can 
only come through attuning people to a 
technological world. 

The reluctance to invest in training was 
put down to uncertainties about future 
prospects and technological change, 
worries about ‘poaching’ by other em- 
ployers and poor experiences with some 
external trainers. High trainee wage costs 
were not seen as a problem. At the same 
time there was little pressure from indi- 
vidual employees or unions, external com- 
mentators and investors, or from the 
government to do better, although the pic- 
ture is beginning to change. 

A number of proposals have been put 
forward to improve matters. For employ- 
ers, the preparation and dissemination of 
case studies showing the links between 
training and performance are seen to be | 
important. Employers should also be en- | 





couraged to report regularly on the; 
training. This will require the develo 
ment of training indicators, initially focut 
ing on inputs such as man days, mone 
invested (not cost!), type of training] 
whether it be on-the-job or off-the-jok 
training staff employed and so on. Th | 
process of collecting such data would be | 
major innovation for many companies an 
is likely immediately to raise the gener; | 
awareness of training. In the longer term ^ 
indicators of training output or perform 
ance need to be developed but this wii 
take some time. Individual employees са” | 
be an important stimulus for more train | 
ing; in the United States, for example, it i 
notable the extent to which individual 
seek out and invest in training. In th 
United Kingdom it is suggested that Ind. 
vidual Training Credits (ITCs) to whic 
individuals and employers contribute, а | 
for occupational pensions, should be е j 
up to pay for approved training. The irc 
would need to be transferable so thafthe 
could be stored and used to retrain be 
tween jobs for example, and could also Е 
used to incorporate grants to individual 
for example at the start of working life « 
following redundancy. They could als 
help share the costs of training mor 
equitably and reduce the fears of losse ' 
due to poaching. Of course, if trainin 
was at a much higher level overall, the 
would be less poaching in the first place. 
The report also argues the need í 
improve the operation of the trainin 
market, forexample by helping colleges і 
become more responsive to market need! 
and to improve the working of local labo 
markets and it collaborative train: 


offer and find it difficult to choose T 
most relevant and effective course. Whil 
registers and databases help as to av 
ability, ideally more qualitative asses 
ments are also needed. Many othe 
mechanisms such as grants and fisci 
measures are also reviewed in the report 

The analyses of the need to train af 
getting more frequent, hopefully raisi 
the awareness ofits value to employee an 
employer alike. Time will tell if this 
translated info an analysis of trainin 
needs which is then acted upon. 


| Richard Pearson is at the Institute of Manpowk 


Studies, Матей Buildings, University 


Sussex, Brighton BNI 9RF, UK. 





